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Pref 


ace 


W E SATE enjoyed knowing the stars. We are among 
the thousands who have found them oM friends, 
to which we turn time after time for refreshing thoughts 

and relief from the worries and troubles of every-day life. 

We have written this book so that others might share 
this companionship with us. It has been prepared as sim¬ 
ply as possible, and it tells of things that anyone can 
see and understand for himself merely by looking up at 
the heavens. 

But we have found that a great many people, having once 
looked up, want to lend wings to their explorations by using 
field-glasses or telescopes. TO’ most such *‘home astron¬ 
omers*’ their instruments have litnited use, and so we 
have included a few telescope suggestions that may be of 
help to our readers as they grow more ambitious, and to 
advanced students as well. We have also included carefully 
prepared lists of the finest celestial objects available for 
observation. 

We wish to express our appreciation and thanks to lames 
B. Rothschild for his examination of the text and his 
valuable criticisms; to Leon Campbell, secretary of the 
A.A.V.S.O., for reading the chapter on Variable Stars; and 
to Dr. Charles P. Olivier, director of the Flower Observa¬ 
tory, for his assistance with the meteor-shower tables. 
Miss Levett Bradley is responsible for the execution of a 
number of the more detailed diagrams. 
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• PREFACE * 

We hope that our efForU> meant botli to be read at leisure 
and to aid actual observations in the field, may reveal to you 
not merely a new world—but an unsuspected universe! 

The Ai7tuor8 
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Iu6roJuci£ion. io flie Heavens 

I T IS fun to know the stars. “When night gathers overhead 
thousands of them appear. There are bright stars and 
faint ones, near suns and far. Some seem scattered at ran- 
dom over the sky while others seem mingled in patterns. 

And there are exciting events that are always occurring 
among them, Once in a while a new star appears, and if you 
know the old ones you can always pick the new one out. 
There are the changing phases of the moon and the moon's 
shifting place along the zodiac. Then there is the possibility 
that one of those wandering objects, the comets, may 
appear. If you know the stars, you can easily pick out the 
visitors from space. And one night, as you are watching the 
sky, brilliant shooting stars will flash through the heavens. 
You can add a really important bit of information to 
astronomy if you know how to watch them and keep 
records of them. 

With even a box camera you can moke a permanent 
record of some celestial events. The rotating earth will shift 
your camera beneath the stars, and across the photographic 
plate those distant suns will trail bright arcs. The moon 
as it drops behind the trees will leave a gradually dimming 
trail as its light passes through more and more atmosphere 
and is therefore absorbed. 

When you have made your first step into observing the 
sky you can ^ways go farther. Build a telescope and you 
can explore the depths of the universe. Double stars and 
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clusters, variable stars and nebulae—all lie within your 
reach. 

Most intriguing of all is the fact that the sky is so full of 
fascinating things that there is more than a lifetime’s enter* 
tainment there. In one night one con find many of the star 
groups, perhaps observe several of the planets, identify 
dosens of features or more on the moon, and witlxthe toU*- 
scope spot numerous double stars, clusters, und nebulae. 
The next night the same sky will hang overhead but tlieri^ 
are thousands of double stars, hundreds of variable stars, 
innumerable markings on the moon, an<l a limitless wenltl) 
of still undiscovered wonders witlxin reach of the tele8Coi>e. 
The next season a whole new realm of the heavens will bo 
there to explore. 

There is a real satisfaction in knowing which stars to 
expect in summer, what different stars will decorate winter 
skies, which planets shine in the morning sky, what others 
remain in the west after the setting of the sun. 

Long ago people traced pictures among the stars. The)' 
carved these heavenly figures on stones in Babylonia, drew 
them on papyriis in Egypt, fixed them on marble in Grcectv 
and painted them on buffalo skins in the American west. 
These ancient constellation figures can still be rccogni;:ed, 
for the stars seem to stay the same in relation to their 
neighbors for a lifetime and even a thousand years. Kcally, 
they are all drifting in apace, but they are so far away that 
their motion cannot be noticed in a lifetime. To the unaided 
eye they seem fixed and permanent in position. 

Even though they do seem fixed in relation to one 
another, all the stars appear to move together around the 
earth. Long ago people thought they actually did circle the 
earth once each 24 hours the way the sun seems to do. But 
then it was discovered that the earth itself was turning on 
its axis and that the apparent motions of the sun and stars 
were the result of this movement of the earth. 

There is one star, though, that does not seem to change 
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much. It is the brightest ia the Little Dipper. Its proper 
name is Alpha (a)> its family name, Ursa Minor; hence the 
star is called Alpha Ursae Minoris and is nicknamed pole 
star. Hanging over the north pole of the earth, over one end 
of the axis on which tlie earth turns, it is the brightest star 
close to the north celestial pole. All the stars seem to rotate 
around the north star, which itself makes a small circle 
around the celestial pole every i4 hours because it is really 
away from the true pole. To the casual observer 
it api>cure to be quite motionless and always to occupy 
the same place for any one latitude in the northern 
hemisphere (where poie star means the north Hat). 

However, Polaris, the north star, has a different position 
for every latitude within that hemisphere. In the New 
England states it is about half-way up the northern sky; 
whereas at the north pole it is overhead. At the equator, 
however, the pole star is just at the horizon. So if you 
travel to the north, the pole star climbs higher the farther 
you go. When you sail south, the star drops lower and 
disappears if you cross the equator into the southern 
hemisphere. There the south polar region of the sky comes 
into view, and in the same fashion these stars cHmb higher 
above the southern horizon as one travels from the equator 
toward the south pole. 

Just as there is a pole of the sky over the earth’s pole, so 
there is a celestial equator that hangs over the terrestrial 
one. It is, of course, everywhere DO® from both poles just os 
it is on earth- The earth and sky can be considered two great 
globes, one within the other. It is S60® around any circle 
such as the earth’s equator, for instance. The balf-drcle 
from the north pole to the south pole is 180 * and the quar- 
ter*circle from the equator to the pole is 90®. If the pole 
star is half-way up the sky in the north, then the equator is 
about half-way up in the south. Of course, to moat people 
this doesn’t make any difference, but to sailors and sur¬ 
veyors it is important. They use such marks of reference 
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m the heavens as a means of establishing points of reference 
on the earth. 

So excellent an index of one’s latitude is the altitude of 
the pole star that it has guided sailors since earliest time. 
Even today tiiis and other stars are used by modem aviators 
in crossing the trackless ocean. 

No one has ever walked around the earth with a measur¬ 
ing tape, yet we know that it is about 25,000 miles in cir- 
cumferenee. This is possible to compute npproxiiniitcly 
when you know the distance between two pointn on the 
earth on the same meridian of longitude an<( then cun 
measure the height of the pole star in each place. Thousands 
of years ago Eratosthenes in Egypt first deterinincd the 
size of the earth by a similar method. lie liolieved the 
world to be round and knew consequently that its circum¬ 
ference measured S60^. os does any circle. Hearing from a 
traveler that the sun appeared at a different height when 
viewed at the same time from two different cities, he meas¬ 
ured the difference in height in degrees. Having this figure, 
and comparing it with S60*, he knew what part of the 
earth’s total circumference was represented by the distance 
between the two cities. When he measured that distance he 
was ahie, by simple multiplication, to estimate correctly 
that the earth is about 25,CH)0 miles around. 

In the same way, no one has ever walked through the 
earth from pole to pole, yet we know that it is about 7900 
miles in diameter. It is possible to figure this out again 
because we know the earth is round like a baseball. We can 
measure a baseball and then discover how much farther it is 
around it than through it. If it is 9 inches in diameter it 
will be roughly 9.4 inches around. There is a definite mathe¬ 
matical relationship between circumference and diameter 
in any circle, and we can apply the same rule to the earth. • 

By other mathematical means, it is possible to measure 
the 98,000,(KH) miles distance of the earth from the sun. Our 
world is one of nine planets that move around the sun. The 
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sun is always shiniag, so one side of each planet is always 
light. And as the planet rotates upon its axis, an observer on 
that turning globe see^the sun apparently rise and set. 

In considering the motions of the earth, it is convenient 
to assume that the sun's position is a constant one. Since 
the earth does not move in a perfect circle around the sun. it 
is sometimes nearer and sometimes farther from it. In 
January we are about 8,000,000 miles closer to the sun than 
in July. The varying distance does not make winter and 
summer, however. The actual shift of the season comes 
from i^uite different causes. The earth is round, wrapped 
about with a blanket of air, and tipped upon its axis. Sun- 
light must penetrate the air before it can warm the earth 
beneath. Vertical rays of sunlight which strike directly 
down upon the planet are the most effective, as the accom¬ 
panying diagram shows* because they pass through a 
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minimuxa amount of air and fall upon a comparatively 
small surface area, tfiua concentrating their heat. The 
slanting rays, on the other hand, pass through a much 
greater thickness of atmosphere before reaching the ground, 
and in doing so lose much of their heat in the air. Then, 
reaching the surface on a slant, the rays are spread over a 
greater area than the vertical ones. 

Now if the axis of the earth were straight up and down 
(perpendicular) to the plane in which the earth moves, 
vertical rays would always strike at the e(juator. un<l 
slanting rays would strike at higher latitudes. But the 
earth is tipped; its axis is inclined iSj* away^from 
the perpendicular to the plane in which it moves about the 
sun. As the world moves round the sun with its axis always 
tipped at the same angle and pointing in the same direction, 
first one pole and then the other is nearest the sun. The 
direct rays shift from north of the equator to the same 
distance south of that imaginary line. The sun shines 
alternately 23^* beyond the north and then beyond the 
south pole. The days grow long in the northern hemisphere 
and then become short. These are the underlying causes for 
the ehange of the seasons. 

As the seasons come and go, cn| can see the changes in 
the sun’s position that bring the seasons about. During 
some monis, the sun is higher in the heavens at noon than 
during others. And, too, it seems to shift its place constantly 
against the background of stars as the earth moves around 
it. The sun’s light is so scattered through the air that the 
sky is too bright for us to sec the stars, but they are always 
there. On rare occasions a solar eclipse makes it dark enough 
in the daytime for us to see them. We discover that the 
stars close to the sun in summer are the very ones that we 
see in the night skies of winter. Of course, if the eclipse 
occurs in winter, we see stars near the sun that we saw on 
the nights of summer. 

There is a particular section of the sky that the sun and 
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pluiets always occupy. Tlie ancienU recognised it and 
divided it into constellations, all but one oi whicb repre¬ 
sented some animal. It was called the zodiac, or band of 
animals, and along this path the sun seems to move. 

As the earth revolves around the sun it makes the sun 
^ assume an apparent motion among the stars—really a 

“reflection’^ of the earth's true movement. Although we 
cannot olvsorve it quite as easily as the daily rising and set¬ 
ting of the sun, wo can detect it as the ancients did. They 
^ noticed that each evening after the sun went down certain 

stars of the socHuc could be recognized above the sunset 
point. As the nights passed, the same stars set earlier and 
seemed to go to meet the sun. The stars that were above the 
western horizon at sunset at the beginning of the month 
would set with the sun at the end of the month. Thus the 
^ sun seemed to progress from west to east along the center 

of the zodiac. 

Pursuing its monthly path around the earth, the moon 
I moves regularly among these same stars, as do the planets 

at various Intervals. The moon’s path, always close to the 
sun’s, crosses it in two places. AVhere the orbits cross, 
eclipses occasionally occur. Either the moon comes between 
us and the sun and hides the latter, or the moon enters the 
earth’s shadow and is darkened. Because of the eclipses 
i that occur here the sun’s path was named the ecliptic. 

But the earth is tipped upon its axis, and as a result of 
this the celestial equator is inclined to the ecliptic and 
crosses it. Where equator and ecliptic cross are the equi- 
^ noxea—points along the sun’s apparent path reached near 

March 21 and September 23 each year. From these points 
in the apparent path, the sun’s rays strike the equator 
directly, and ^1 over the earth there is equal day and night- 

After the equinox times, the situation changes. Climbing 
I north of tie equator alter March 21, the sun’s vertical rays 

reach latitudes north of the equator. On June 21 dr 82, the 
sun is at its most northern point- Then it takes the northern 
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haJf of the earth longer to turn througli sunlight than 
through the night. The northern nights are short; days arc 
long. This is the time of the solstice^ummer for the north 
but winter for the south. Each day after late June the sun 
goes south. It reaches the equator September 2S. Fall 
begins, and day and night are equal again as the sun's most 
direct rays fall at the equator. After this the sun continues 
to go farther south and by December t\ or 22 it has dropped 
to the Tropic of Capricorn. The warm rays and the long 
days have gone south with the sun. The short and cold days 
of winter are in the northern hemisphere and the sun is 
very low in the northern sky. 

As the sun changes its noon-time or meridian position, it 
also changes its place of rising and setting. At equinox time 
the sun rises exactly east and sets exactly west. On those 
days the sun is on the celestial equator. As the earth rotates 
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on its axis, the sun risa in the east and seems to move 
across the shy on the equator, setting in the west As the 
sun climbs north of the celestial equator it rises to the north 
of the east point, and sets to the north ol the west point, 
reaching its farthest position in each case about June il. 
Then 08 it begins to move back to the equator it again 
rises due east in September; but by December, when it 5s 
far south of the celestial equator, it rises to the south of the 
east point and similarly sets to the south of west. 

lx>ng ago the ancient peoples learned to tell the erect 
time of the seasons by watching the shift of the sun’s place 
of rising and setting. Early monuments in China* Japan, 
Ontrol America, and the American southwest were oriented 
to make observations of these changes possible. Even the 
Stonehenge of England was used for this purpose. 

And of course as the earth turns on its axis each day the 
sun rises at different tunes for different longitudes. This 
makes a change m lime that was not even thought of in 
the olden days before people could keep track of what was 
happening on the other side of the world. But now that radio 
connecU the whole of our planet instantaneously, it is 
possible to be quite sure exactly what time it is in China as 
well as in New York. In fact it is possible actually to tell 
your longitude from the time—because the two are closely 
related. When the sun rises in London it is still dark in 
New York; on the other hand, it is already afternoon m 
Shanghai. People on the east coast of the United States 
must wait 5 hours for the sun to appear above ^cir eastern 
horizon after it haa come up in England. And in the same 
fashion, people in San Francisco must wait 8 hours to see 
the sun alter it has come up in New York. Once this was 
merely interesting, but now it is used to help locate the 
positions of ships at sea and the big clipper airplanes that 
fly the ocean. 

All that is necessary to determine difference in longitude 
is to know the time of any two places on the earth and from 
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thi3 you can tell the eaat*weat distimce between them. The 
usual method ia to use Greenwich tirn». u a standard from 
which to measure, and then figure local time irom the 
altitude of the sun or other astronomical data and the 
tables in an ephemeris or nautical almanac. The time dif¬ 
ference is directly convertible into longitude distance 
between the observer and the Greenwich meridian. You 
can use stars instead of the sun, and they are really pref¬ 
erable. StO modem ships and airplanes ol) carry a clock that 
shows Greenwich civil time, and ra4lios with which to check 
the clocks. This is now calicfl by astronomers X/niversa) 
time, because it Is used the world over for the establishment 
of longitude and for many other scientific purposes. Stations 
located 16^ of longitude to the west of the Greenwich 
meridian have local time reading one hour earlier than 
Greenwich time; stations 7S^ to the west, or in the Eastern 
Standard time-sone, have their local clocks 5 hours earlier 
than Greenwich time. So it is around the world. One con 
tell his time by the sun wherever he is on the earth. Com¬ 
paring that with the Universal time he can establish his 
position east and west of the prime meridian. One of the 
most important things that time does then is to help fix 
positions on the earth; and so it is possible to tell latitude 
from the pole star or the sun, and longitude from the sun or 
the stars. 

Star-gazing is like a magic carpet that can carry you away 
millions of miles from home and remove you far from the 
affairs of every day. You need only to put your head out 
the window to start upon this trip of exploration into the 
outermost reaches of space, where one can sense the im¬ 
menseness of the universe and the remarkable law and order 
that prevail there. 
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W iiBRBTsn one lives upon the earth, there are certnin 
stars that he can see night after night. At the north 
pole of the earth, for instance, one always sees the same 
stars—they never set an4 are visible at all hours every 
night. As iho earth turns on its axis each 24 hours the whole 
sky seetns to circle, with every star at a delinite and con* 
slant height above the horizon. Those near the horizon 
seem to move parallel to it, and those overhead circle in a 
direction opposite to the hands of a clock. Every star seen 
from the pole is circumpolar, but these are in only half the 
sky; the other half never rises at the north pole and is 
forever invisible from that point. 

Suppose, though, that you were to leave the north pole 
and go as far south as Minneapolis. This city, and all others 
in the same latitude, are exactly half-way between tbe 
equator and the poles. The pole star, therefore, hangs half¬ 
way down the sky instead of at the zenith where it was seen 
from the north geographical pole. In Minneapolis all the 
stars in view on any night still seem to move around the 
pole star, but some of them, rising out of the east and climb¬ 
ing above the southern horizon, will sink from view in the 
west and be out of sight for some time during the sight. 
Above the northern horizon there are certain stars that 
continually swing around the north celesrial pole and never 
disappear- Since they are in view for every hour of every 
night they are among the easiest to find and identify. 
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They are the keystones of constellation study—the cir¬ 
cumpolar stars. They form an easy guide to other near-by 
groups. 

If our journey be extended and we continue to the equa¬ 
tor we find the pole star at the horieon and no stars circum¬ 
polar, for all of them both rise and set. Our pole star, 
Polaris, lies at the northern horizon, and off at the southern 
horizon the south celestial pole is located. Continuing our 
journey to the south, we would find the south polar region 
rising higher. When we reached Tasmania the south celestial 
pole would be nearly half-way up the sky. Again a group of 
stars would circle the pole, remaining in view through the 
whole of the night. But at this pole they move in the oppo¬ 
site direction, clockwise. After reaching the south pole we 
would find that every star south of the celestial equator 
had become circumpolar. For each latitude there is a 
different group of circumpolar stars. 

You can easily discover what stars are circumpolar for 
your locality by measuring the altitude of the pole star or 
looking up your latitude in the atlas. Any star that is no 
farther from the pole star than the pole star is from the 
horizon will be circumpolar. Like this circumpolar area 
which is always visible, there is from the same latitude 
an equal section in the other hemisphere always invisible. 
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As you go irom equator to pole the circumpolar area in¬ 
creases. As you go from pole to equator it decreases. 

Since the greater part of the population of the TJnited 
Statca and of many parts of Europe lies in the middle lati¬ 
tudes, most people are familiar with the stars that are 
circumpolar for the middle latitudes of the northern hemi¬ 
sphere.* Among these the Big Dipper (or Great Bear), the 
Little Dipper, Cassiopeia, Perseus, and others are well 
known. 

The Big Dipper, properly known os Ursa Major, is com¬ 
posed of seven bright stars. Four stars form the 1>owl, three 
the handle of the Dipper. The same three stars that we sec 
as the handle were employed by the Greeks and Romans to 
make the tail of the Great Bear. The four we use to make 
the howl they used in picturing the bear’s hind quarters. 
Despite the different pictures that have been made with 
these seven stars, their arrangement baa always been much 
the same. The Egyptians described them as a hippopot¬ 
amus; yet they saw the same arrangement that we find 
today. 

Five of the Dipper’s stars seem to be of the same bright¬ 
ness, and two are fainter. All the stars that we can see with 
the eyes alone have been classified according to their bright¬ 
ness and placed in six arbitrary groups. The iO at the top 
of the list are ti times brighter than the greater number 
of stars in the second-magnitude group. The next type, the 
third-magnitude stars, are times less bright than those 
of the second-magnitude group. This proportion is used 
throughout the scale. 

Some 9000 stars can be seen with the unaided eye all over 
the earth throughout the year, but only some iSOO to $000 
at any one time in any one place. They range from the sbrth 

* The &t«n virible la tbeee miiMIe softhem Utitude* an showo a« tbe? Appear 
at any time, oo a cleverly cc&etructed ravolvio^ device, the “Star Esplcrer”. 
Thii chart may be cbtauied for iS cents from the Junior AatroDomy Club, 
Hayden PlaBetahaiD, New York, N. Y. 
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magnitude to tiie first, and the first-magnitude stars are 100 
times as bright as the faintest stars that we can see. 

There are a few stars brighter than first magnitude. 
These are reckcmed on the same scale. Stars 2^ times as 
bright as first magnitude are designated as sero magnitude. 
Stars brighter than that are labeled minus. Thus Sirius, our 
brightest star, is magnitude —1.58. The lowest value repre¬ 
sents the greatest brilliance. So Polaris is among the second- 
magnitude group and five of the seven stars in the Great 
Bear are of this same brilliance. It is no wonder, then, 
that the Big Dipper is easy to find at a glance and Polaris 
easy to locate when one follows the pointers of the Dipper. 
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TKe pointers” axe the two stars opposite the handle of 
the Great Dipper. By following a line drawn from the bot¬ 
tom of the bowl through the pointers and extended about 
five times the distance between them, one comes to the 
pole star. To make sure that this is Polaris one should learn 
Tlraa Minor, the Little Dipper, as well The Little Dipper 
has Polaris in the end of its handle, the brightest star in 
the constellation. There are three stars in the handle and 
four in the bowl. The two in the bowl which correspond to 
the pointers of the Great Dipper are considerably brighU*r 
than their neighbors. Just as the pointers arc called by that 
name, so the corresponding stars in the Little Dipper are 
called the Guardians. They seem always to swing about the 
pole star. Columbus mentioned these stars in the log of his 
famous journey across the ocean aod many other naviga^r.s 
have found them useful in measuring the hour of the night 
and their place upon the sea. 

The Dippers are so arranged that when one is upright the 
other is upside down, and their handles extend in opposite 
directions- Winding in between the two Dippers is part of 
Draco, the Dragon- The end of his tidl lies almost directly 
between the pointers and the pole, and the coils of his long 
body curve out beyond the Little Dipper s bowl, swing 
back toward Polaris again, and finally turn toward the 
constellation of Hercules in a reverse 

After you have recognised the Great Dipper, traced the 
pointers to the pole star, and found the Little Dipper 
hanging from Polaris—you might trace a line from the 
pointers to the pole and extend it an equal distance, on the 
other side. There it will lead you close to a w-shaped group, 
Cassiopeia. Across the pole from Ursa Major and equkUy 
distant from Polaris lies this group that represents, some 
say, a big chair upon which the ancient queen of Ethiopia 

is seated. , 

In the course of a night Ursa Major and Cassiopeia circle 
the heavens like the opposite sides of a wheel. At ^ p.m. 
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M&y 1> the GfeAt Dipper hangs upside down» Cassiopeia 
resembles a “w** nght side up on the opposite side of the 
pole. As the earth turns, Cassiopeia climbs the northeastern 
sky while the Great Dipper drops down to the northwestern 
horizon. At sunrise in middle latitudes, their positions are 
reversed by a quarter turn. At 9 a.m. they have exactly 
changed places. But the next evening the Great Dipper is 
again high overhead, and Cassiopma hangs just above the 
horizon. 

Cassiopeia is a typical constellation. It is a group of stars 
that to us looks always the same. In fact, it appeared the 
same more than a thousand years ago when it first received 
the name and even longer ago than that when people first 
observed it. Yet some of the stars in this constellation are 
nearer to us than others, smd all of them separated from 
one another by millions of miles. From some other comer 
of the universe these same stars would not form the same 
picture. In this same comer of the luiverse at some other 
time their arrangement svill be different For all the stars 
are really drifting through space. The speeds and directions 
of hundreds are known. They are so distant from the earth 
that it takes several thousands of years for any change in 
their arrangement to be noticeable to the naked eye. Never* 
theless in modem instruments their motion can be detected 
over a period of years, and we know that a time will come 
thousands of years in the future when many of the familiar 
star figures will be hard to recognize. 

Some of the star groups are truly related. Five of the 
bright stars in the Big Dipper, for example, belong to the 
same family. The ^‘open cluster'* of its members moves as a 
group through space, all the stars sharing a common speed 
and direction of motion. 

For a lifetime of a man upon the earth, through the pass¬ 
age of many generations, during the years of a milleiLnium, 
th e sky will look much the same. So the 89 constellations 
into which the sky has been divided today will be there 
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tomorrow and will serve as points of reference for men a 
thousand years from now. Cassiopeia is just one of those 
SQ, yet it is typical of the rest. Its borders include not just 
the w-shaped figure that is so easy to see with the eye, but 
many faint stars near-by that one must look closely to 
find. Then, too, there are the double stars that lie within 
this eonstellaUon area, which are only revealed as double in 
the telescope. Here too are clusters of sUrs and haay patches 
of light that are called the nebulae. Stars that vary in their 
light can be found in this area also. In one night one can 
learn to find the “w^' and to recognise Cassiopeia seated 
upon her throne. Many nights must pass, though, before 
one can ewily pick out the boundaries of this “star state” 
and find with his unaided eye all the sUrs that belong within 
;t. ^ny more nights may be spent in discovering those 
hidden objects that Jie within the reach of the telescope. 
Near Cassiopeia is the section of the sky which the Greeks 
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named alter Cassiopeia’s son*in4aw, Perseus. A straggling 
stream of stArs that ruos from Cassiopeia to the little group 
of the Pleiades depicts Perseus. He still holds in his hand 
the head of the Medusa, relic of his heroic adventure with 
the Gorgons. One of the wiched eyes of the snahy-haired 
monster still shines but seems to close now and then. For 
in Perseus is a blinking star’* that changes its light from 
day to day. Algol it is called, named by the Arulu the 
Demon Star. Another variabie star in Perseus Is Rho (p). 

Algol is a common name, and Rho a scientific name. Nut 
all stars have common names—only the brighter and more* 
spectacular as a rule were named Individually, but thu 
astronomers must be able to identify any star m a conste]la> 
lion. The common practice of using Greek letters to design 
nate different stars in the constellation has been follow^ 
for several centuries. Thus Algol is also Beta (ff) Persei. 
Usually the brightest star of a group is called Alpha, the 
next Beta, and so on down the line. Of course, there are 
many stars within the boundaries of one constellation. 
When the astronomers ran out of Greek letters they used 
numbers, Arobic letters, and a system of codes that related 
the star to its place in various catalogs. 

In Perseus there is another object that bears a Greek 
name too. A twin cluster of stars visible to the unmded eye 
as two hasy patches, Cbi*b Persei. Similar objects to these, 
other double stars, and other variable stars lie within 
Cepheus, Camelopardalis, Lacerta, and Lyna—all con> 
stellations circumpolar for the middle northern latitudes. 
Most important of these is Cepheiu, the husband of Cassio¬ 
peia and the King of Ethiopia. He lies almost in line with 
the Great Bear but on the other side of the pole star, in the 
Milky Way. 

So many constellations are Sgures in Greek mythology 
that familiarity with the stories adds to one’s pleasure in 
astronomy. You remember how Cassiopeia, Queen of 
Ethiopia, was so beautiful and She aroused the jeal< 

121 ] 



* WEW HANPBOOK OF THE nSAVBNS * 



ISBASITANT8 OF TBS SBAVBNS 

Anoag th* lUfs. laciiat p«Qplei trMed in«By figurw with tht of Uvtly 
imtfinationa, Thi« pl«t4, ibeiriag the north drcumi>o]ar regione, picture* the 
mbebitaaie of one eectioo of the eky^th* Draf^u; the Great Beat; the Giraffe; 
the Seated Lad)': aad ethen. {?re« Bvtriiti OeoprapAy ^ At ffeoeene.) 

ousy of the Seft Nymphs And AggrsvAted them into action. 
They went to Neptune demanding her punishment. Nep¬ 
tune ordered CassiopeiA to take her daughter Andromeda 
to the seashore and chain her to a rock. Then a huge sea 
monster wouJd have devoured her» but Perseus happened 
along on his way from slaying the grisly Gorgons. He glided 
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down on hi$ winged horse, Pegasus, took the Medusa’s head 
out of his pouch, turned the sea monster to stone, and 
rescued the lovely lady. Then he restored her to her chas* 
tened mother, Cassiopeia, and her grateful father* Cepheus. 
All these are in the same part of the sky. Cassiopeia, 
Cepheus, and Perseus are circumpolar in mid-latitudes. 
Andromeda, Pegasus, and the sea monster are very near 
at hand. 

Some persons do not care for mythology; they are more 
interested in the rich historical and geographic heritage of 
the stars. They recount the adventures of South Sea Islands 
sailors who follow the stars for thousands of miles over the 
trackless ocean. Or they point out that the Crow, Corvus, 
is known as Corbeau in French. Corvo in Italian, lUbe in 
German. The Hebrews called it Noah’s Raven flying over 
the deluge. To the Arabs it was the Raven’s Beak and to 
the Chinese a Redbird. So the stories of the stars take one 
over the world and back through lime. 

In Cephexis is one of the most famous of variable stars, 
Delta (S) Cephei. By the way, when you use the Greek let¬ 
ter for the star, it is customary to use the genitive case of 
the Latin name of the constellation following. Thus it is 
Beta Persei instead of Perseus; Delta Cephei and Alpha 
Ursae Minoris. It is simple after you have once discovered 
what the system is. It is really a Idnd of universal language 
that people interested in the stars all over the world can use 
and understand, an astronomical Esperanto if you will, a 
kind of sign language that all nations can understand. 

Of oourse people who live south of the equator will not 
choose the Big Dipper as their guide to the night sky— 
but rather the Southern Cross. Wherever you live there 
are familiar stars that remain in view night after night. 
These are the ones on which to b^in. Then, as the seasons 
roll on, your explorations can branch out to include the new 
visitors of spring and summer and the changing stars of 
autumn and winter. 
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As DATS begin to 'grow short &nd leaves fall from the 
j \ trees, the nights of autumn grow longer and winter 
arrives. Then the greatest number of bright stars appears 
and the best of the meteor showers visit the earth. A knowl¬ 
edge of the constellations is a great help in reporting these 
shooting stars. 

On September evenings a brilliant triangle composed of 
three of the 20 brightest stars in the heavens passes over¬ 
head. Vega, the blue-white sun in Lyra, the Har]>, is one of 
these and is the fourth brightest star in the whole of the 
sky. Known as Alpha in the constellation of Lyra, it has as 
its neighbors four tiny brilliant jewels set in a parallelogram. 
One of its neighbors, Epsilon (e), is a double star when 
examined closely. Between Beta and Gamma lies the mag¬ 
nificent King Nebula, within reach of a small telescope. 

The second of the three stars in the big triangle is Peneb, 
the brightest star in the Northern Cross. Although the 
Cross is easy to recognise, the ancients visualised the same 
stars as picturing a Swan, and the proper name of this sky 
area is really Cygnus. The stellar area enclosed within the 
boundaries of Cygnus houses many interesting objects. 
There are 61 Cygni, the first star to have its distance meas¬ 
ured; Beta Cygni, Albireo, one of tie most beautiful of tie 
double stars within reach of a small telescope; and the Coal- 
sack that' looks like a great cavernous hole in the sky. 

The last corner of the triangle is marked by Altair, 
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priQclpal Star of Aquila> the Eagle. Altair shines in the 
Eagle’s head and Deneb shines in the toil of the Swan. Thus 
the Swan flies in one direction down the Milky Way while 
the Eagle wings his flight in the opposite direction. Easiest 
thing to do on these nights of fall U to pick out the three 
bright stars and from them the star pictures of which they 
are a part. 

After that, there are miuiy other near-by constellations 
that are easy to identify. There’s the tiny group of I>el- 
phinus, the Dolphin, below one arm of the Cross and over 
the head of the Eagle. Only five stars can be seen readily 
In this little group which some people call Job’s Coffin. 
Even so, one can find here several interesting objects with 
the telescope. Gamma is a double star in the Dolphin’s 
head, and behind his tail is a hazy patch which in the 
telescope is a cluster of countless stars. 

Between Dolphin us and Albireo at the head of Cygnus 
lies the image of an arrow. The constellation, made of five 
faint stars, is labeled Sagitta. Between Sagitta and Cygnus 
lies an even more inconspicuous figure, Vulpecula, the Little 
Fox from Aesop’s fables. Prize object in this area is the 
Dumbbell Nebulo-^an oddly shaped telescopic patch of 
misty light. 

Sagitta and Vulpecula require real searching. So save 
them for the time when you are looking for new fields to 
conquer and feel an irresistible urge to find something that 
your fellow star-gazers have not yet discovered. Actually, of 
course, Cygnus and Aquila, Delphinua and Lyra are rem¬ 
nants of the nights of summer. They are crossing the south 
in the early evening in early autumn. As the hours pass they 
will sink to the west and disappear before the dawn. Driven 
before them will go the stars that hung in the west in the 
early evening. There are BotJtes, off the curve of the Dip¬ 
per's handle, and Corona, Hercules, Ophiuchus, and 
Sagittarius. 

When trying to describe the location of one constellation 
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in relation to another, we must have some method that will 
always work. At first it might seem as though the easiest 
thing would he to say to your fellow astronomer, “When 
you find Orion, Sirius will be just below and to the left’'. 
This might apply when Orion is on the meridian and your 
friend in the northern hemisphere. However, it would be 
incorrect 3 hours earlier or S hours later on the same evening 
in the same locality, and it would be just the opposite in 
the southern hemisphere. In the long run, it is not wise to 
use the terms above or below, riffht or up or down, when 
giving directions in the sky. 

It is far better to start out correctly. Imagine the sky a 
huge sphere overlaced with circles like a spherical bird- 
cage. All the hour-cxrclee pass through the poles, but other 
circles at right angles to these are parallel with the equator 
and are called parallels of deelinoHon. There is one hour> 
circle that is very easy to visualize—the meridian. When 
you face due south you can imagine it running from the 
horizon through the nenith or overhead point, on to the 
north celestial pole, and down to the horiEon. (Out of sight 
it continues on through the south celestial pole as the 
anH-meridian.) Suppose, then, that Orion seemed to be just 
over the south point on the meridian. To describe Auriga 
properly you would say that it was north of Orion- It is 
between the head of Orion and the north celestial pole. 
However, Lepus is south of Orion, because the great circle 
that started at the north pole and passed through Auriga 
strikes Lepus beyond Orion on its way toward the south 
celestial pole. 

Through the belt of Orion runs the celestial equator. 
Every star between the equator and the north celestial pole 
is said to have a declination north. Objects between the 
equator and the other pole are said to have a declination 
south. Just as the whole sky Is overlain with lines through 
the poles similar to the meridian, one for any star anywhere, 
so at right angles to the hour-circles may be imagined other 
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)i&es parallel to the equatof'-parallela of declination. Every 
star everywhere haa such a parallel of declination. 

All the stare that we can see have long since been carefully 
plotted on the framework of hour<lrcles and parallels of 
declination. This framework can be used by an observer 
any place on earth and any time of day or night. 

The declination of an object ia measured in degrees north 
or south from the celestial equator. If the figure has a plus 
sign before it, you know the object is north; if it has a minus 
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si^Q befors it, you know tbs object is south. Thus Capella 
in Auriga has a declination about +46°, while AlphaLeporis 
has a declination about —17°. 

In describing celestial directions it is safest to use the 
terms north and south only, in this connection, (always 
in reference to directions on the sphere, not in connection 
with the cardinal points of the compass as applied to the 
horizon), From a starU place on its hour-circle its distance 
north and south of the equator can be described. To tell 
its place east and west along its parallel of declination we 
must have a similar point of reference. The vernal equinox is 
that point—the place where ecliptic and equator cross and 
which the sun passes about March 21. The east-west posi* 
tion is called right ascension and measured from the vernal 
equinox in hours. The distance is measured soshsard from 
this equinox to the point where the hour-circle that goes 
through a star crosses the equator. Obviously the right 
ascension of a star, which is given in hours, is similar 
to geographic longitude, while the declination of a star is 
similar to geographic latitude and is given in degrees. 

Each star lias a permanent place on the celestial sphere, 
where it can always be found. For instance, Bctclgeuse 
(Alpha in Orion) is located near right ascension declina¬ 
tion +7°. However, this is more than you need to describe 
how to find Sirius in relation to Betelgeuse. First find the 
two stars, connect them with an imaginary line, and note 
the line's direction rerpect io the howr-circUe and parai- 
UU of declination. It will be seen that Sirius lies south of 
Betelgeuse and to the east, on the celestial sphere, while 
Aldebaran lies to the north and west In the direction of the 
setting sun. The relationship between these stars will every 
time and everywhere appear the same and can always safely 
and accurately be described in this manner. 

There is another system for describing the stars’ posi- 
tiona—altitude and asimuth. Since this system depends 
upon the observer, it is variable with time and place. The 
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Altitude, of course* ia the star’d height above the horison 
in degrees; the as!muth is the diatance in degrees meoaured 
westward from the south point of tbe horizon around the 
circle to the point where the star’s altitude circle meets the 
horizon. In navigation, however, the zero point oi azimuth 
is at the north point of the horizon. It is well to know these 
coordinates—especially for navigation—but for most astro¬ 
nomical purposes the right ascen8ion>declination system is 
more in uae. 

Oil in the east of the sky early on the nights of autumn 
are Pegasus, Andromeda, Triangulum, Aries, Places, and 
Aquarius—properly the stars of fall. Most characteristic 
of all these groups ia the great square of Pegasus. To the 
ancients he represented the white winged horse that in¬ 
spired the poets of old and carried Perseus through the sky 
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after he had jlain the Medusa. To a aiodern boy, however, 
this section of the sky looks like a baseball diamond. There 
are the home plate, first, second, and third base, even the 
right- and left-field foul-lines, and the catcher. 

In the old story, Perseus was riding upon Pegasus when 
he looked down upon the shores of Ethiopia and there saw 
Andromeda chained to the rock. Appropriately then, the 
constellation of Andromeda lies very near to Pegasus. In 
fact, they share one star in common, Alpherate, frequently 
mentioned by Anne Morrow Lindbergh in lv>Un, the Wind. 
Andromeda was the daughter of Cassiopeia and Oepheus 
and finally the wife of Perseus. Since they are all close 
together in the heavens, it is easy to find them and to 
remember them. 

The corner stars in the square of Pegasus are so bright 
that the area inside the square looks quite like empty sky. 
On a clear night, though, a person with good eyesight can 
count well over half a hundred stars inside the square. 
With the telescope he can see many more. Some of these 
arc double, and some arc grouped in clusters. 

When you are searching the square of Pegasus for the 
stars that you can recognize, look along An<lromc(Ia for 
a hazy patch often called Messier 31. When you have 
finally located this misty patch, just barely visible to the 
eye, It is hard to believe that it is actually made of 100,000,- 
000,000 suns like the one that we see each day. It's so 
distant that only the telescope and camera combined can 
show its ^ue nature. They reveal it to be a whole universe 
of stars like the Milky Way galaxy of which we are part- 
While you have your telescope there, be sure to turn it 
toward Gamma Andromedae, for this sUr is a beautiful 
double that can be easily separated with a small telescope. 

Once fai^iar with Pegasus and the long line of Androm¬ 
eda, you will have no difficulty in recognizing thev-shaped 
group of Pisces to the south, as well as the two smaller 
constellations, Triangulum and Aries, in this same region. 
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The Triangle lies just south of Gamma Andromedae, and 
Aries hangs an e^ual distance south of Triangulum. The 
star Gamma in Aries is also a double easy to resolve. Much 
more important, however, is the fact that long ago, when 
the zodiac was first recognised, the s\m's place was in Aries 
on the first day of spring. Since then, Aries has been called 
the first sign of the sodiac, even though the motion of 
the earth’s axis has slowly cauled a shift in the place of the 
sun at the time when spring begins. 

In modem times, the sun is seen against the background 
of Pisces, the Fishes, when it crosses the ei^uator about 
March 31. Here, therefore, is the vernal equinox, a reference 
point from which the positions of all celestial objects are 
reckoned. 

Along the sodiac beyond Aries and Pisces lies Aquarius, 
the Water Carrier, and past him toward the west, Capri- 
comus, the Goat. Capricomus follows after Sagittarius, the 
Archer, and it disappears beneath the western horizon on 
autumn evenings. 

South of the zodiac is Cehis, the Whale. In this constella- 
tion area a variable star shines, named by Hevelius, Mira, 
the Wonderful. A strange blinking*' star, Mira takes 
about 8 months to change from second magnitude to sixth 
and finally vanishes from naked-eye sight, reaching tenth 
magnitude in nearly a year. Its variation changes it from a 
star as bright as Polaris to one Invisible to the unaided eye. 

As Cetus comes out of the southeast early on autumn 
evenings, Taurus, the Bull, rises in the east and follows 
after its zodiscsl neighbor Aries. Taurus has many claims 
to fame. In the time of the Egyptians it was the most 
important of the 13 groups along the path of the sun, for 
the vernal eqiunox was located there at the time. The 
BuU*9 eye, Aldebaran, is one of the 30 brightest stars. In 
the Bull’s face is a Little cluster of brilliant stars, the 
Hyades. On the Bull's shoulder is the famous group of 
the Pleiades, often called the Seven Sisters, sometimes the 
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Seven Brothers. Although it has long been called the Seven 
$i8ter8> there are only 8ix stars that can be 8een at a glance, 
whereas at least 2^0 can be recognized In the cluster with a 
telescope. Sometimes November is called the Pleiad month 
because this group is so prominent in the eastern sky in the 
early evening. 

Most spectacular group of the winter season is Orion* the 
Hunter. Two hrst-magnitude stars, Betelgeuse and Rig^d, 
decorate this constellation area and several of the sccon<l 
brightest are Included within its boundaries. Three bright 
stars equally spaced in a straight row form the belt of the 
Hunter, three more represent the sword, and five arc 
prominent in the figure of the man. Betelgeuse in the right 
shoulder, Bellatrix in the left, RIgel in the left foot and 
Saiph in the right are easy to recognise. Two of the stars 
of the belt are fine doubles, one in the sword is in a magniA- 
cent nebula, the star In the right shoulder is one of the 
largest known, and Rigel has about the greatest intrinsic 
brightness of any star. 

Since the belt of Orion shows the location of the celestial 
equator, Orion’s head and shoulders belong to the northern 
hemisphere, and his legs and feet lie south of the celestial 
equator. Since all diurnal motion of the sky through the 
hours of the night takes place parallel to the celestial equa¬ 
tor, it is well to know the location of Orion’s belt. It can also 
guide you to the eye of the Bull and the nose of the Big 
Dog. Trace along the belt toward the northwest of Orion 
and you come to Aldebaran in Taurus. Trace along the belt 
toward the southeast of the Hunter and you encounter the 
brightest star in all the sky, Sirius, the Dog Star. Although 
the Greeks and the Romans identified th is brightest star 
with the Dog, the Egyptians interpreted it as the beak of a 
bird. Watching for the time when Sirius rose just before the 
sun, the Egyptians measured the length of the year and 
devised a fairly successful calendar. 

Sirius is one of the nearer stars. Although some 50 trillion 

|84] 


* AUTUMN AN» WINTER STARS * 

miles separate it from the earth, it is very near compared 
with other stars. That helps to explain its brightness (its 
ma^itude is -1.58), and also makes clear why the Dog 
Star is one of a number of suns that seem to have shifted 
in relation to their neighbor stars since people first made 
record of the sky. Hipparchus discovered that in his time 
Sirius <uid Vega both seemed to appear in slightly different 
relation to their neighbors than they did to the Egyptians, 
l^omptcd by this discovery he made careful study and 
finally noticed the shift of that reference point, the vernal 
equinox, too. He decided that the place of the sun on the 
first day of spring was creeping slowly westward along the 
zodiac with the centuries. Thus he is credited with the dis¬ 
covery of the precession of the equinoxes. Now we know 
that, as 26,000 years pass, the earth wobbles once upon its 
axis like a dying top. This motion makes the position of the 
celestial pole and consequently that of the equator shift 
continuously against the background of stars. As a result, 
differen t stars become pole stars; and the posi tion occupied by 
the sun on March 21, as it crosses the equator at the vernal 
equinox, slowly shifts along the ecliptic with the centuries. 

Although preceuion makes the stars' places appear to 
change in relation to points of reference in the sky, it does 
not affect their relationship to one another. However, the 
actual motions of the stars themselves will change the stars’ 
places in the course of time. Many thousands of years are 
required before most of the stars change noticeably their 
apparent places, but for Sirius the change is more easily 
observable because it is so near. 

Companion to the Big Dog, Cams Major, with its bril¬ 
liant first-magnitude Sirius, is the Little Dog, Canis Minor, 
with its bright star Procyon. Between the two Dogs a 
group of faint stars represents Monoceroa, the Unicom. 
Monoceros, however, is like VuIpecula,Lacerta, and Sagitta 
^a real test of the star-gazer’s seeing ability. 

Just as there are two Dogs so are there twin boys, Castor 
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snd Pollux. The Twins belong in the zodiscsl constellation 
Gemini, one of the 12 star groups along the ecliptic. Castor 
and Pollux are much closer together than Sirius and 
Procyon, since about 4* separate the first pair but four times 
that distance separates the latter. 

Of course, this is just the way they appear on the celestial 
sphere when seen from the earth. From some other place, 
their arrangement would seem dilTerent. Actually millions 
upon millions of miles lie between the Twins, and one ia 
nearly twice as far from us as the other. Describing their 
relation to each other in degrees is just like drawing their 
places on a map. One point upon the map may rq)ri'Sent a 
mountain 18,000 feet high, while another point upon thut 
fiat paper may represent an ocean depth many miles below 
sea level So a map of the sky represents the stars as we sec 
them and gives no indication of the fact that some may lie 
10,000 times as far away as others. 

Gemini could be called the ‘'Times Squareof the sky, 
for like the cross-roads of the world it entertains all kinds of 
visitors. On its way around the zodiac, each month, the 
moon passes through Its boundaries. Once each year at the 
summer solstice the sun passes near Eta Geminorum, and 
summer begins In the northern hemisphere. Shooting stars 
each year in December seem to radiate from Gemini. Close 
beside Eta, in 1781, Sir William Herschel discovered a new 
world, the planet Uranus. Beside Delta Geminorum, in 
1980, Clyde Tombaugh finally identified a tiny speck upon 
the photographic plate as the ninth planet in the sun's 
family—Pluto. Double stars, variable stars, clusters, 
nebulae can all be located within the boundaries of this 
constellation area. 

No wonder, then, that the nights of winter in the northern 
hemisphere offer great reward to the star-gaser. The bright¬ 
est stars, the most spectacular constellations, the longest 
nights—ail these serve to make the cold season ideal for 
observation of the stars. 
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I uo, the Lion, is one of the 12 xodiecal constelUtions 
j and among the most ancient of star groups. Its sickle¬ 
shaped head and triangular tail ore easy to identify as it 
crosses high over the southern horison early in the evenings 
of April and May. One easy way to locate it is to find the 
Great Dipper in the north and follow the pointer stars 
in the opposite direction from the pole star. Down through 
the bottom of the Dipper bowl, an imaginary line will lead 
right to the head of the lion and on to the brilliant star 
Regulus in his heart. 

It is said that this group received its name because the 
sun’s station was here when the early Egyptians watched 
for the in\indations of the Nile. At this season the lions 
came down to drink, so a likeness of a lion was pictured in 
the stars. The brightest star an the group, Regulus, is one 
of the nearer neighbors of the sun, but it is less than onc- 
tenth as bright intrinsically as our star. It is the faintest of 
the first-magnitude stars. Because it is one of the 20 bright¬ 
est stars, is prominent in the zodiac, and is especially close 
to the ecliptic, it has been carefully plotted and constantly 
watched for centuries. 

Hipparchus, in comparing the skies of his day with charts 
made hundreds of years before his time, discovered that 
Regulus and certain other stars appeared to have changed 
their positions. Not the stars, but the framework of refer¬ 
ence imposed upon them, had shifted. This westward 
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precession has now carried the autumnal equinox along the 
ecliptic to a point in western Virgo just south of the Lion’s 
tail. Leo possesses a blue second-magnitude star, Denebola, 
OF Beta Leonis, in the tail, and one of the sky’s finest 
doubles, Gamma, in the sickle. The yellow-and-green stars 
of which it is composed can be seen with a S-inch telescope. 
A larger glass than this is necessary to give proper separa- 
tion to the triple components of Alpha, for, although 
Hegulus itself is first magnitude, its companions are eighth 
and thirteenth magnitude. 

Gamma in Virgo is also a double with an eighth-magni¬ 
tude companion—one easily visible in a S-inch glass. The 
same telescope will find a rich field of clusters and nebulae 
between Leo and Virgo. Herschel was so impressed with the 
multitude of the telescopic objects there that he called the 
region the *'realm of the nebulae”. 

The only first-magnitude star in Virgo is Spica. A blue- 
white sun of great brilliance. Spica is so far away that its 
light requires 192 years to travel across the space that 
separates it from the earth. Since light travels 186,000 miles 
a second, 6 triUion miles a year, it is obvious that Spica must 
be brighter than the sun but unbelievably farther away. It 
has a tiny invisible companion which was discovered while 
analyzing its light with a spectroscope. 

Cancer, the Crab, is the next zodiacal group west of Leo. 
During the month in which the sun appears to pass through 
this section of the zodiacal band, the Crab is, of course, 
invisible. It is inconspicuous most of the rest of the year, as 
well, for only faint stars compose the figure. A misty patch 
in the center of the constellation is called Fraesepe. It is 
really a cluster of thousands of suns so distant that only on a 
clear night can they be seen with the naked eye; only with 
a fair telescope can they be separated, even at iht edge of 
the group. 

Between Cancer and the horizon can be found a little 
pentagon of stars that picture the head of Hydra, the Sea- 
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serpent. The most extensive constellation of the whole 
sky, Hydra winds beneath Cancer, Leo, Virgo, and Libra. A 
full 1«0*, one-third the way around the heavens, the 
spangled serpent stretches. Yet over its whole length it 
has but one bright star, a second-magnitude one in its heart. 
Cor Hydrae, the Heart of Hydra, is properly called Alpha 
Hydrae, and another name is Alphard. 

Several small constellations are arranged along the back 
of the serpent. Close to Alphard, in fact lying directly 
between Alphard and Regulus, rests Sextans. A little far¬ 
ther to the cast Crater, the Cup, balances on the serpent’s 
back south of Penebola in the Lion’s tail Still farther 
toward the tail, close to Virgo, perches Corvus, the Crow. 
Corvus, by the way, is a convenient little group to know. 
If you ever want to locate the Southern Cross, just find 
Corvus, and Crux is directly south of it. One can always find 
Corvus by starting with the Great Dipper, following the 
curve of the Dipper’s handle south to iht bright star Arc- 
turns, continuing on about the same distance to sparkling 
Spica, and then south again an equal distance to Corvus. 

Next group along the zodiac east of Virgo is Libra, the 
Scales, once represented as a balance of justice. The con¬ 
stellation is almost a square, or diamond, between Scorpius 
and Virgo. Alpha in Libra is a double star separable with 
field-glasses, while Beta is the only bright green star in the 
heavens. 

Far more spectacular than either of its neighbors, 
Scorpius is the best known sodiacal group of the summer 
months. With its brilliant red star, Antares, and its long 
curving tail, the Scorpion is easy to recognise. Antares is a 
giant sun 400 times the diameter of our own and tremen¬ 
dously distant from us. It was well known to the ancients, 
and modern astronomers have found that it has a tiny 
green companion. Antares is occasionally hidden by the 
moon and, when such an occultation occurs, is a startling 
sight to observe with the telescope. 
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Farther to the east along the zodiac, one can find Sagit¬ 
tarius, the Archer, sometimes called the Milk Dipper- 
Right on the border of the Milky Way, the Archer is set 
in a rich region of stars. Gathered here, too, are numerous 
star dusters that reward the tclescopist. Actually Sagit¬ 
tarius represents a Centaur holding his bow with the arrow 
aimed at the Scorpion’s heart. In India several thousands of 
years ago the stars in this section of the zodiac were thought 
to represent a horse’s head. Off the tip of the Archer’s bow 
is the place of the winter solstice, where the sun is found 
about December 21. Important in this region too is the 
Trifid Nebula. 

Northwest of Sagittarius ij an immense pentagon which 
represents Ophiuchus, a physician, holdir^g the Serpent in 
his hands. The straggling figure runs along the Milky Way 
and is divided almost equally by the celestial equator. 
Thus an observer at the north pole could see the physician’s 
head and shoulders, while an explorer at the south pole 
could see his feet and legs. According to an ancient story, 
this constellation represents Aesculapius, the first physician, 
who attempted to revive Orion after the Scorpion had killed 
him. In the vast area of Ophiuchus a new star suddenly 
appeared in 123 A.D. and five others have appeared since 
then. Despite the fact that Ophiuchus is not considered 
one of the 12 zodiacal oonstellaiions. the sun spends ISi 
days within its boundaries while passing from Scorpius to 
Sagittarius. 

Next group to cross the meridian after Sagittarius is 
Capricornus, the Sea Goat. Composed of relatively faint 
stars, the figure is fairly easy to recognize in a dark sky 
because of its symmetricaJ shape. Really it looks more like 
a butterfly than like a goat- Represented as a goat by the 
Babylonians, it was imagined to be an antelope by the 
Hindus, a narwhal by the Aztecs, an ox by the Chinese. As 
long ago as the year 244© B.C. the Chinese observed and 
recorded a gathering here of all five planets visible to the 
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unaided eye. Tte careful observer may find a star of sap- 
pHire-blue less than 1® north of the star 15 Sagittae. 

Through this group passed the sun long ago when it 
reached its greatest declination south. Therefore, the place 
where the sun was seen overhead at that time was called 
the Tropic of Capricorn. Because of the precession of the 
equinoxes and the westward motion of the points of refer¬ 
ence in the sky, the sun is no longer in this constellation 
when it is overhead at latitude south (on the Tropic of 
Capricorn). The term is still used, however, just as we 
still use the Tropic of Cancer, although the sun similarly 
no longer appears in the constellation of Cancer when over¬ 
head at latitude 33^° north. 

Following the Goat across the meridian, Aquarius, the 
Water Carrier, is the next group along the sodiac. On the 
stones of the Babylonians it was represented as a man with a 
water jar, although the Arabs imagined it a mule carr 3 rmg 
water barrels- There are no bright stars in the whole area 
and the group is not easy to identify. The easiest way to 
locate it is to find Fom^aut, a first-magnitude star just 
south of it, and the corner of Pegasus just north of it Then 
with considerable imagination you can trace out the water 
jar, the holder of tie jar, and a stream of water pouring 
into the mouth of the Southern Fish, Piscis Austrinus. 

Most prominent of all the spring groups, Leo can be seen 
in the early evening from March to June. Succeeding it 
Bodtes dominates the early evenings of July and August 
with the crown in Hercules close by. Directly south of 
Corona, Scorpius is the outstanding zodiacal group for the 
summer season. The appearance of Capricomus above the 
southern horizon signifies late night hours of summer or 
the evening hours of the coming fall, to observers in the 
northern hem {.sphere. When Fomalhaut crosses the south 
in the early evening, summer is over; and high above, the 
great Square of Pegasus warns us of the presence of autumn 
and the approach of winter. When once more the winter 
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stars rise out of the east in early evening, the spring and 
summer groups have run their course and drift out of sight 
in the west earlier each night. 

So as the seasons roll, the patterns of the stars are a 
constant reminder of the journey of the earth round the 
sun, as represented by the apparent circuit of the sun 
around the sodiac. Familiar and fascinating, this endless 
wheeling of the sky is evidence of the inevitable progress of 
time. Year after year, century after century, the earth 
pursues its timeless course, and the heavens bear mute 
evidence to its motion. Few things there are that arc as 
dependable as the shift of the stars with the seasons, the 
rising of the sun, the passing of the days. 

Each constellation group that redacts these heavenly 
changes is but a window-frame through which one may lo^ 
to the very borders of space. Bright stars comparatively 
close to the earth compose the outline, but off in the dis¬ 
tance are others even brighter but faint to our eyes because 
of the vast space beyond. In the constellation outline may 
be a red star or a rare blue one, perhaps a cluster of suns or 
a twin star. Sometimes passing close at hand, much nearer 
than the nearest star, a comet may appear for a time to 
belong in the star group, or a shooting star may seem to 
fall from that familiar section. They are but passing visitors, 
framed for the moment on that section oi the sky. A planet, 
too, may swing this way, and for a time seem one with the 
other members of the constellation, but as it moves on in 
the condnes of its orbit, another constellation will soon 
offer it a background. Transient minor planets are occa¬ 
sional visitors within the constellation outline—but near 
and fast-moving, they too soon journey on to some other 
region. A framework, the constellation gives a view into 
the distant depths of space beyond the very limits of our 
own galaxy, and off to the neighborhood of other island 
universes. 

Constant for the period of a human life and the entire 

[46] 


* dPSlNG AND SUUU£R SEIBS * 


Spaa of a nation's history, the constellations are almost 
imperceptibly affected by time. Each of its members a sun 
moving through space, perhaps alone, perhaps in company 
with other members of the family—that sun in time wDl 
leave some ol its neighbors far behind. The familiar figures, 
slowly shifting through the centuries, will one time dissolve 
their present outlines as their members become absorbed 
into new patterns. 

But through all the memory of one man the constellations 
are more constant than the rock of Gibraltar. They offer a 
guide-post to time, direction, season. They present a pass¬ 
port to distant and mysterious regions of space. 
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Stars o£ tke SoiitLem Sky 


M ost of the ancient observers of the sky lived in the 
northern hemisphere, so south of the equator the 
heavens seem reversed. The constellation of Orion depicts 
a man standing on his head, the familiar Scorpion waves his 
tail in the air, and even the Big Dog balances on his nose. 
Of course, the inversion of the constellations does not occur 
all at once, for they shift slowly overhead as one travels on 
the surface of the earth. 

Suppose a traveler leaves New York City for the south. 
As he journeys toward Florida, the stars in the south rise 
higher, those in the north drop closer to that horizon. If 
it were an evening in May, he would have his first glimpse 
of the Southern Cross off the tip of Florida. By the time he 
reached Havana he would Jind it well In view. If he should 
go to the equator he would see the cross one-third of the 
way up the sky; and at Lake Titicaca, Peru, half-way from 
horizon to zenith. His journey on through the southern 
hemisphere would carry it higher and higher. 

Thb same Southern Cross is a guide to the south celestial 
pole. Like the Great Bear in the north, it indicates the 
location of the pole and therefore is often employed by 
navigators seeking to establish their place upon the earth. 
In May and June it can be found early in the evening above 
the southern horizon, clearly outlined by four stars of al¬ 
most equal brilliance. Alpha is at the foot of the figure, 
nearest the south pole. Gamma is at the top, Beta and 
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Delta In the arms. Gamma is a reddish star, bright to the 
eye but faint on the blue-sensitive photographic plate, 
XappA J8 also a reddish star and one that appears fainter 
on the photographic plate than in the sky, Surrounding 
Kappa, though, are over 100 stars in a cluster. 

From top to bottom this Southern Cross, Crux, measures 
—no taller than the distance between the pointers of the 
Dipper. It covers, in fact, an area about onc-hnlf that of the 
bowl of the Dipper—about the sky. But, while 

within the Dipper’s bowl only nine stars are visible, there 
ace within the boundaries of the small constellation C'rux 
32 stars within reach of the naked eye. 

Southeast of Alpha Orucis is the well-known Coal-sock 
nebula which looks like a great block hole in the sky. When 
William Herschel saw the first of these objects on his survey 
of the northern skies he was much impressed, and it is said 
that be called his sister to the telescope to see the '*hoIe” — 
a window into outer spoce, It was to be expected that his 
son John, exploring the southern skies, would label any 
similar dark lanes by the same name. But modern as¬ 
tronomers disagree with the Herschels and no longer regard 
these dark areas that are scattered so generously in the 
Milky Way as holes. Probably they are great dark clouds of 
dust and gas that absorb the light of stars that must lie 
beyond them. Sometimes the '‘dark nebula'* beneath the 
arm of the Cross is known as the Black Magellanic 
Cloud. 

Two other features of the southern skies bear Magellan’s 
name; they ore two hasy patches like detached portions of 
the Milky Way. There is nothing like them in the northern 
heavens, and Magellan's expedition reported them to 
northern peoples among the curiosities seen in the other 
half of the world. Since then they have always been called 
the Greater and the Lesser Magrilanic Clouds. Also known 
as Nubecula Major and Nubecula Minor, they are among 
the first sights for which one searches the southern skies. 
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The Greater Cloud is about 7® in diameter^ nearly 14 
times the full moon; the Lesser, not even 4® in diameter, 
covers an area not as large as Crux. A full moon occasionally 
brightens the sky so that it is a little difficult to locate the 
smaller cloud, but even then the large one can be found 
with ease. 

Examination of these two clouds has shown that they are 
made of all types of celestial objects that exist in our Milky 
Way. There are bright stars and faint ones, red stars and 
blue ones, large suns and small ones, variable stars, star 
clusters, gaseous nebulae, dark nebulae—a complete array. 
The Clouds of Magellan are bland universes and close 
neighbors of the Milky Way galaxy which b oux home. The 
small cloud b about $4,000 light-years dbtant, the large 
one about 75,000 light-years. When one recalb that light 
travels ISO ,000 miles a second and traverses 6 trillion miles 
in a year, then these floating families of stars seem far away. 
Photography brings out a haze of stars around them, and 
their distance apart b about 30,000 light-years. 

The Magellanic Clouds are irregular In shape and present 
a straggling appearance that contrasts sharply with the 
great spiral in Andromeda and other island universes. Some 
3000 variable stars have been recognized in the clouds, 
among them some which enable astronomers to measure 
their dbtance. The Large Cloud b rich in super-giant stars, 
and SO globular clusters have been recognized there. In 
the Greater Cloud b S Doradus, a super-giant variable, 
500,000 times as bright as the sun. Some 180,000,000 miles 
in diameter, it b, except for some super-novae, intrinsically 
the brightest object known. There too, surrounding 30 
Doradus, Is th^ Great Looped Nebula, the largest known 
gaseous nebula in the universe. 

After you have found the Southern Cross and picked out 
the Clouds of Magellan, the next objects to attract attention 
are Alpha and Beta Centauri. First and second brightest 
stars in Centaurus, they are often called Guardians of the 
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Cross. If you draw an ima^nary line tbrough Delta and 
Beta CrucU (along the cross-bar ol Crux), it guides you to 
these bright stars in Centaurus. The constellation, which 
represents a figure half-man and half-horse, is one of the 
largest in the southern sky. It is nearly 45^ in length, almost 
haU the distance from the horizon to the zenith. 

A particularly interesting and magnificent star is Alpha 
Centauri. Not only is Alpha Centauri the third brightest 
star in the heavens, but it is our nearest binary system. The 
components of Alpha (A and B) occupy 80 years for a 
revolution around each other. More than this. Alpha hap¬ 
pens to be a mxUtiple star, composed of the binary and a 
third, faint companion (C). The latter,* Prozima Centauri, 
is visible in the telescope—with magnitude about 10.5— 
and is the nearest neighbor to the sun, being about 4^ 

[581 




* STARS OF THE SOUTHERN SKY ♦ 

light-years away. Although Proxima is over 2® away from 
Alpha and its companion B, yet it is connected gravita¬ 
tionally with the latter system and is moving through space 
nearly parallel to it, actually in an enormous curve around 
Alpha with a period probably over 800,000 years. 

Another object in Centaurus for which the amateur as¬ 
tronomer always looks is Omega (w) Centauri, a hazy patch 
of light that is the brightest of the globular clusters. This 
cluster, 1«® northwest of Alpha Centauri, is a fine sight with 
field-glasses and even more beautiful with the telescope. It 
is composed of some 50,000 stars, more than 100 of which 
are variable. Brightest and nearest of the 100 or so globular 
dusters known, this one is some 20,000 light-years distant 
from the earth. 

After a casual glance at the constellations in the south, 
one is struck with a difference in the constellation figures 
and names. Although there are some old-fashioned subjects 
like Ara, the Altar; Columba, the Dove; Musca, the Fly; 
Pavo, the Peacock; Volans, the Flying Fish; and Corona 
Australis, the Southern Crown—there are many more ' 
modern figures. One fifids a Clock, or Horologium; a Com¬ 
pass, Circinus; a Furnace, Fornax; an Easel, Pictor; a 
Telescope, Telescopium; and even an Air-pump, Antlia. 
Most of the southern constellation names that we use are 
of recent origin, for they were not known to the ancients, 
and all have been described since the time of Magellan. 

There are some 27 constellations within 40® of the south 
pole; whereas in the north only 15 are represented. There 
are five first-magnitude stars circumpolar for Sydney, 
Australia, but none in the circumpolar regions for New 
York. In all the southern sky there are 10 first-magnitude 
stars, while 18 are visible north of the celestial equator. The 
section oi the heavens circumpolar for 40® south is one 
richer in constellations and bright stars than an equal area 
in the northern heavens. In all, the 80 constellations for 
the whole heavens are about equally divided between the 
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hemispheres and some 6000 stArs easily visible to the naked 
eye are shared almost equally by both hemispheres. 

There is no south pole star similar to Polaris in the north. 
Though no bright star hangs just over the pole, Sigma 
Octantis, a ,5^>magnitude star in Octane, the Octant, is 
the nearest naked-eye star to the pole. It is not exactly 
at the pole but about away and so makes a small diurnal 
circle as the earth spins. Aviators and navigators of the 
southern hemisphere named the region around Sigma 
Octantis the south polar pit, because of its lack of bright 
stars. Of course it is important to know the location of the 
pole in estimating your latitude in the southern hemisphere. 
One way to locate it roughly is to draw an imaginary line 
from Gamma at the top of the Cross through Alpha at the 
foot and prolong it £ve times that distance. Another way is 
to draw an imaginary line from tbeLarge Cloud of Magellan 
to the smaller one and '*tum the corner” an equal distance 
toward the Cross. 

Canopus, or Alpha Carinae, is the brightest star in 
Carina, the keel and hull of the old ship Argo, which lies 
near the Small Cloud of Magellan. With magnitude —0.^, 
Canopus is a super^giont star 40 times as bright as the sun 
and over 05D light-years away. Well known to the ancients, 
it was a favorite of the Egyptians and the Babylonians. 
Another interesting star in ihia region is Eta Carinae, one 
of the most remarkable of variables. On a map of 1677 it 
was ranked with the fourth^magnitude stars. In 1837, how¬ 
ever, it was brighter than Canopus, in fact as bright as 
Sirius. Then it began to fade, had disappeared to the naked 
eye by 1868 , and now can be found only with a telescope as 
a faint eighth-magnitude sun. 

Another part of the ship is Vela, the Saib, northwest of 
Crux. With Kappa and Delta in Vela, and Epsilon and 
Iota in Carina, one can make a cross which is almost the 
exact replica of Crux, although slightly larger. Since this 
figure is often confused with tie real Cross, it is frequently 
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called tile False Cross. A line from the top of this figure 
to the bottom and prolonged five times that distance does 
not lead to the south celestial pole but off toward the Great 
Cloud of Magellan. A navigator would find himself far from 
his destination if he should steer by the wrong cross- 

Northwest of Cnis lies Vela, but east of Crux beyond 
Centaurus is Circinus, the Compass. Alpha Circini is the 
joint of the Compass, while Beta and Gamma are the two 
points. Not far away one can recognize Triangulum Aus- 
trale, the Southern Triangle. This is a counterpart to 
Triangulum in tbe northern hemisphere, just as Corona 
Australis is a southern duplicate of the Northern Crown. 
The Southern Crown lies near the tail of the Scorpion and 
not far from Ara, the Altar, and Norma, the Level. All these 
small constellations are composed of second- and third- 
magnitude stars- 

There is one extremely long constellation in the southern 
hemisphere, Eridanus, the River. It begins near Rigel in 
Orion, very close to the celestial equator, traces its winding 
course from Orion to Cetus, past Fornax to Phoenbe, and 
on to Hydrus. The first-magnitude star Achemar, at the 
southern end of the River, lies about 15® from the Small 
Magellanic Cloud, and the northern end of this “Mississippi 
of the Sky” is near the great nebula in Orion- Omicron 
EridanI is a beautiful triple star well worth examining with 
a telescope. In this same constellation is located an extra¬ 
ordinary planetary nebula, a great globe of dust and gas 
surrounding an eleventh-magnitude star. If one traces the 
course of Eridanus he finds nine constellations along its 
boundaries: Hydrus to the south, Orion, Lepus, Caelum, 
and Horologium to the east, Taurus to the north, and 
Cetus, Fornax, and Phoenix on the west. 

The Toucan houses the Lesser Magellanic Cloud and the 
globular cluster 47 Tucanae. Some 20,000 stars in the cluster 
blend together to appear as a single star of fourth magni¬ 
tude. Hydrus encircles the other border of the Lesser Cloud 
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of Magellan. Between Hydrus and Dorado, the Swordfish, 
are the Greater Magellaoic Cloud and the tiny constellation 
Reticulum. Between Dorado and Carina can be found 
Pictor and Volana. Mensa, the Table Mountain, and 
Chamaeleon lie nearer to the south celestial pole than 
Dorado or Carina. Musca, the Fly, lies between the south 
celestial pole and Crux, while Apus is south of Triangulum. 

East of the Scorpion’s tail, Corona Australis, TeleS' 
copium, Ara, and Pavo, the Peacock, are not far from the 
south celestial pole. South of Capricomus, the Goat, and 
Aquarius, the Water Carrier, lie Piscis Austriniis, Indus, 
and Crus, while nearer to the south pole tlian Cetus can 
he found Phoenix and the Toucan and Sculptor. Near the 
Hydra’s head lie Fuppis and Pyxis, part of the old ship 
Argo. The rest of the ihip. Vela, and Carina are still closer 
to the south celestial pole. 

For the star^gaser who spends much of his time In tho 
north, it is interesting to know the relation of southern 
constellations to groups familiar in the north. For instance, 
on the same hour-circle to the south of Aries lie Fornax, 
Kridanus, Horologium, and Hydnis. In order, too, from 
Taurus to the south celestial pole, are Caelum, Dorado, 
and part of Mensa. South of Gemini, bordering right ascen¬ 
sion 6*' 40*, lie Puppis, Canopus in Carina, sections of 
Pictor, Volans, and Mensa. South of Cancer can be dis¬ 
covered Pyxis, Vela, Volans, Chamaeleon, while along the 
some hour-circle with Leo are Antlia, Vela, Carina, and 
Chamaeleon. 

Beyond Virgo toward the south pole we encounter Cen- 
taurus. Crux, Musca, and more of Chamaeleon. The hour- 
circle of 15*‘20“ through Libra also cuts Lupus, parts of 
Norma, Circinus, Triangulum Australe, and Apus. On the 
hour-circle through Scorpius can also be traced Ara, a bit 
of the Southern Triangle, and Apus, while n^-by another 
cuts Sagittarius, then goes south through Corona Aus¬ 
tralis, Telescopium, and Pavo. South of Capricomus on 
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90''40‘ are MicroscopiuiR> Indus, and a bit of Pavo while i 
hours away, south of Aquarius, are Plscis Austrinus, Grus, 
Tucana, and some of Indus. A line through Pisces goes 
south to Sculptor, Phoenix, and Tucana. 

Id general these meridians have been selected as nearly 
central as possible on the zodiacal groups and on the aver¬ 
age are S hours apart. 

When one discovers that Cruz lies south of Virgo, the 
Greater Magellanic Cloud is in the same hour-circle with 
Taurus, and the Lesser Cloud in the same right ascension 
with Pisces, it is easy to tind the other neighboring groups. 

Familiar and friendly to the people of the south, Crux, 
Alpha and Beta Centauri, the Magellanic Clouds, and the 
rich star fields of the Milky Way are foreign and fascinating 
to the traveler from the north. 
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TTlie Plajaets 

T iirrjs were five of them, and they moved about ainon^ 
the fixed stare. Men who looked heavenward were 
quick to call them the planets, which meant that they were 
wanderers. 

They were different from the stars in more ways than one. 

Not only did they wander, always staying within the con¬ 
stellations that He along the ecliptic, but they shone with a 
steady light that was somehow different from the twinkling 
of the stars. Early astronomers knew very little about 
them, and it was not until Galileo turned his telescope on 
the skies that they began to learn. After that, but very 
slowly (at the rate of approximately one every 100 years), 
astronomers began adding to the number of planets so 
that we now know eight in addition to the earth. 

They are the sun’s children, brothers and sisters of the ; 
earth, and all neighbors in the solar system. But they are 
not very close neighbors as judged by earthly standards. 

If, in constructing a diagram on the ground, we assume the 
sun to be stationary, and make a mark a little less than 
5 inches away from it, that mark might represent the posi¬ 
tion of Mercury, the nearest planet to the sun. 

At Si inches we would make another mark, for Venus; 
and at I foot we could indicate the distance of our own 
earth. Mars would be Ij feet from the sun; and then, be- r 
tween t and 4 feet, we would make a series of marks to 
represent the asteroids—the minor planets which are 
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diacuBsed elsewhere. We should have to pace off a hit more 
lhaa 5 feet from the sun, thou^fh, to get to Jupiter's position; 
and ^ feet for Saturn; and then walk out Id feet from the 
sun for the position of Uranus. 

Still on the same scale, Neptune would be a full SO feet 
from the sun and the new ]7 discovered Pluto would be 
40 feet. The earth, remember, was only I foot from the 
sun, and that foot represented an average distance of 
OS,DOS,000 miles—the astronomical unit. 

As for size, the earth is large to us with its 791S>mile 
diameter. Yet Jupiter, the largest of the planets, is more 
than 10 times the diameter of the earth; and the entire 
planetary system of Mercury, Venus, Earth, Mars, Jupiter, 
Saturn, Urantis, Neptune, and Pluto would have to be 
multiplied sis hundredfold to make a body as big as the sun. 

And there we have, roughly, a picture of the planetary 
system as known today, although we have not included the 
zodiacal light, comets, meteors, and satellites. It is a picture 
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^rawn from tbe outside, of tiie planets as seen from a point 
over their orbits, and consequently a picture we can never 
see from the earth. For tbe observer here, with only his 
eyes to help him, there are five biasing points of light (and 
perhaps a sixth dim one, if he knows where to look for it). 

One of these points of light is elusive. That is Mercury, 
which stays close to the sun like a child clinging to its 
mother*s apron strings. Because you must look for it so soon 
after sunset, or before sunrise, there was a famous as¬ 
tronomer, Copernicus, who never saw the planet (n all his 
life. There is also, however, the story of at least one amateur 
who has seen Mercury not once but 150 times. 

It's all in knowing how. The planet is best seen as an 
**evening star’’ In the spring, and as a ‘'morning star” in 
the fall. But there are six periods in every year when it is 
fairly well placed for observation, these periods occurring 
when the planet seems to us to be at Its greatest distance 
east or west of the sun. T^ese times are known, incicien- 
felly, os greatest eastern elongation (when the planet is on 
"evening star") and greatest western elongation (when 
it is a "morning star”). 

Obviously, since there are six periods, they ore spaced 
approximately 2 months apart- During each of these 
periods, which last about 2 weeks. Mercury is visible in 
the rooming or evening sky for only about 1 hour at a time. 

When it can be seen. Mercury presents itself as a "star” 
of the first magnitude, varying in brilliance between Aldeb- 
aran and Sirius. Look sharply, and you will be able to 
detect its characteristic orange coloring; turn a 4- or 3-inch 
telescope on it and you will see that it undergoes phases 
similar to the moon’s; they are explained in the diagram 
on page 55. 

Under the beat conditions details on the planet’s surface 
are hazy and indistinct, hut the famous Italian astronomer, 
Schjaparelii, was able to discover faint permanent mark¬ 
ings, features which two equally famous American scientists 
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corroborated. Edward Emeraon Barnard dedcribed them as 
cloaely reeemUing the naked-eye markings on the moon, 
and Percival Lowell drew them ae streaks. 

Barnard*^ comment on a resemblance to the moon, by 
coincidence, points out the fact that tiny Mercury, with ita 
diameter of 3000 miles, is not much bigger than the moon 
and is indeed smaller than two of the satellites of Jupiter. 
It is. the baby of tbe planet family, if you except the thou¬ 
sands of asteroids. 

And because it is so near the sun—only 36,000,000 miles 
away—Mercury at one point in its orbit receives 10 times 
as much heat and light per unit area as the earth. It keeps 
virtually the same face turned constsmtly toward the sun 
because its rotation period of 88 days is equal to its revohi* 
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tion period. On that etemaJly bright side of the planet lead 
would melt asd run away in rivulets; and here too the sun 
never sets. 

Over on the other side of the little sphere, however, it is 
cold enough to freese not only water but some of the gases 
in the aii, and here the sun never rises and the stars always 
shine. There is however, a fairly wide zone on Mercury, 
along the “dawn*’ and *'twilight*‘ lines, where the sun 
alternately rises and sets, because the planet’s speed in its 
orbit varies while its rotation period remains constant. But 
even here the surface is unprotected by much of an atmos¬ 
phere, and the constant change from hot to cold must result 
in a belt of great cracks and crevices between the side that 
is scorched by the sun and the side that is hidden in 
darkness. Mercury is an interesting but forbidding planet. 

For the planet Venus, no exact rotation period, or day, 
has yet been satisfactorily determined, because of the 
impermanent nature of the markings on its cloud surfaces. 
Recent spectroscopic studies indicate a period of a few 
weeks. On Venus, however, the heat that pours down on 
the sunlit side is less intense because of two factors—its 
greater distance from the sun, and its atmosphere which, 
while it holds a great deal of warmth, distributes it evenly 
around the planet. 

Venus and the earth might almost be called the twin 
sisters of the solar system. The orbit of Venus, which the 
planet travels in 2^ days, is nearer to a perfect circle than 
that of any other planet, and that of the earth is not far 
behind in this respect. The two planets are approximately 
of the same size, Venus having a diameter of 7575 miles and 
the earth having one of 7918 miles, and they are closer 
together in space than any other major planets. 

Nearness and heavy clouds around Venus Skccount for the 
appearance of the planet in the sky. For Venus is not 
merely visible. With the exception of the sun and moon, she 
is the brightest object normally seen in the heavens and at 
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her best outshines Sirius, the brightest of the stars, by 18 
times. Sometimes, when there is no moon to interfere, she 
is bright enough to cast a shadow. 

And not ockly is she far more conspicuous than Mercury, 
she is also visible for greater intervals of time. Like the 
other planet, Venus is often out of sight on the other side 
of the sun, but these periods of invUibility are not nearly so 
frequent as those of Mercury. And, unlike the smaller 
planet, Venus can be seen for as much as 4 hours at a time, 
mpking her appearances in the same way as Mercury. She 
slides down the celestial vault, trailing the sun In the 
eTenlng, and weeks later climbs into the sky before the sun 
in the early hours of morning. 

In either case, turn a pair of binoculars on her. With 
a magni£cation of 10 diameters and upward you can see 
her going through phases like those of Mercury and the 
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moon. And the thin cresceot is a striking sight, a gleaming 
mmiatuie of iKe moon’s crescent phase, because at that 
time Venus is most brilliant. 

Both oi the inner planets, paradoxically enough, do this 
same thing and stand out most when only a small section of 
their illuminated surface is reflecting light to the earth. It*8 
easily explained by noting that when they are in their 
’'full" phase they are on the opposite side of the sun, which 
means, in the case of Mercury, an additional distance from 
the earth of over 72,000,000 miles and, in the case of Venus, 
one of 184,000,000 miles. (The figures are the diameters of 
their orbits, if you care to check.) 

So they are brightest when near the earth. But not when 
they are at their very nearest, because then they are almost 
directly between the earth and the sun, and the dark sides 
of the planets are presented to us. The greatest brilliance 
comes at a certain critical angle between the greatest 
elongation east or west and the point directly between the 
earth and sun, when the nearness of the planet and the 
width of the crescent combine to the best advantage. 
The crescent Venus appears to us six times greater in 
diameter than the full Venus. 

To return again to our field-glasses and telescopes, Venus 
in her crescent phase offers a yellowish-white sui^ace to 
small instruments. If you turn a fl- or 12-inch telescope on 
the planet (and remember that thousands of amateur 
astronomers make such telescopes) you may be able to 
detect spots on the surface. It is a rare thing for such an 
instrument, but it can be done by patient and continued 
effort. These spots, by the way, are not on the surface of 
the planet proper, but on the upper levels of the cloud 
blanket that surrounds Venus. Barnard, with powerful 
observatory instruments, saw "large dusky spots" which 
he believed were not permanent. 

The atmosphere of Venus remains an enigma to astron¬ 
omers. It exists, but no one knows how deep it is because 
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of t^at same layer of clouds. ‘When the planet goes through 
one of its rare tianeiU, and Its disc Is projected against the 
suSi a light ring 24i>000 feet deep is observed which b un* 
doubtedly part of the atmosphere. Venus shows no positive 
proof of oxygen or water vapor, although there b carbon 
dioxid in the upper layers. Underneath there may be the 
other necessary elements for life. Down on the surface, our 
imagination may picture plant and perhaps animal life in 
the midst of such a steaming swamp as characterised the 
earth’s early ages; we do not know. Absence of permanent 
markings prevents our knowing Venus’s rotation period. 
Indications are that its day is a few earth*weeka long. 

Mars b an excellent subject for small telescopes. It 
presents its famous reddish color to the naked eye (a color 
which persists on its surface when viewed with large instru* 
ments), and under a small telescope it offers opportunities 
to observe details. Even so small an instrument as a 4- or 
ddneh telescope will do, under the right ^'seeing conditions. 

Under a telescopic magniiication of 200 to SfO diameters, 
grayish or greenbh markings stand out against the reddbh 
background. At less than SOO diameters the polar caps 
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appear, and so too does tlie dark wedge of Syrtis Major 
extending toward the north. Other dark areas can be picked 
up as well, and as telescopic power increases (try it some¬ 
time with a 6- to IS-inch reflector) the number of features 
visible increases. 

There are several reasons why we know so much about 
Martian conditions and surface details. Mars has, of course, 
long been a subject of great popular interest, but many 
known facts would still be a mystery were it not for the 
amazing clarity of the planet’s atmosphere. Slight clouds*- * 
whether of dust or some other composition—appear only 
infrequently, and the Martian air is so transparent os to 
permit excellent opportunities for study of surface detail. 

Then, too, when the planet is in opposition—when the 
sun, earth, and Mars are in a straight line—it comes nearer, 
at 34,000,000 miles, than any other major planet except 
Venus. At times Mars may be observed going through a 
slight gibbous phase, although it never goes so far as to 
become a crescent, or even as to enter the “half-moon” 
phase. 

Mars differs greatly from the earth in site, having a 
diameter of only 4216 miles. In almost every other point, 
however, she compares favorably and os a result bas become 
the favorite home for life on one of the planets as conceived 
in the popular mind. 

Nor does this suspicion of life on Mars necessarily remain 
outside the world of science, for many reputable astron¬ 
omers—possibly a majority of them—believe that there is 
at least plant life on the planet. And the existence of 
vegetation presupposes conditions which might possibly 
support some kind of animal life. 

The question of life on Mars probably got its start when 
the Italian astronomer Schiaparelli observed strange mark¬ 
ings on the surface and termed them canaU» which in his 
language meant channels. He was misinterpreted, though, 
and the lines became known as canals, a term which carried 
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with it the implication of artificiality» of something which 
had been constructed by intelligent beings. 

Perclval Lowell observed these canals and expressed the 
open belief that they were constructed by an advanced 
race of beings who dug them to bring water down from the 
poles. But the character and extent of the canals is debat¬ 
able, for to see them is a question of seeing detail at the 
extreme limit of visibility. Future telescopes may settle the 
questions about their nature for all time, although observers 
now report that they have seen sections near the cunals 
turn blue-green in one season and dark brown in another. 

Meanwhile, these are the known facts that figure in the 
arguments concerning life on Mars: 

The atmosphere contains small amounts of oxygen and 
water vapor, which have been estimated quantitatively as 
roW os mu^ oxygen and S per cent as much water vapor as 
are found in the atmosphere of the earth. The equatorial 
temperature would probably support life as found on the 
car^, for it rises to 80^F. The axis of the planet is inclined 
to the ecliptic at substantially the same angle as that of 
the earth, which, combined with a similarity between the 
orbital motions and conditions of the two planets, would 
result in roughly approximate seasons. These seasons ore 
twice os long, however, as those of the earth, because the 
year consists of 687 days—nearly twice that of the earth. 
The planet’s day is nearly the same as the earth’s, for it 
rotates on its axis in 24 hours 87 minutes. 

The planet's polar caps vary in sise with the seasons, too, 
a change which is synchronised with color changes in the 
region known as Syrtis Major, thought by some astronomers 
to be a vast area of vegetation. The composition of these 
polar caps may be either frosen carbon dioxld or frozen 
water. Because of color variations noted at the edge of the 
caps, many scientists are inclined to believe that when they 
mdt they turn into a liquid and therefore are not carbon 
dioxid, which would instead immediately become gaseous. 
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Mars JB the first planet in the outward journey from the 
lun (a^ain, excluding the earth) which has any moons so 
far as we know. There are two of them, tiny little satellites 
which were discovered by Asaph Hall at the U. S. Naval 
Observatory in 1877. They are too small to be picked up 
with any but the largest telescopes, neither being more than 
10 miles in diameter. But Phobos, the inner moon, runs 
three Ups around the planet each day, rising and setting 
three times each hours and rising, moreover, in the west 
and setting in the east. When it passes the slower Deimos, 
observers on Mars would see both of the satellites racing 
each other across the sky, with respect to the stars beyond. 

Mars, however, is not unique In its set of moons. Jupiter 
carries with it a retinue of 11 satellites, four of which are 
easily visible in small telescopes. To look at Jupiter and 
its satellite system, we must let our gaze wander far beyond 
the orbit of Mars and over the asteroid zone. The 4i*feet 
distance between the two in the diagram we planned at the 
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beginning of tbe chapter wa^ based on a scaie in which each 
foot represented $8,000,000 miles. Jupiter, despite this 
greater distance, usually seems brighter than the red planet 
be<:auae it is so much bigger and because it reflects nearly 
three times as much as Mars does of the sunlight it receives. 

Jupiter is the largest of the planets and curious astrono' 
mers have timed its speed of rotation upon its axis at $ 
hours and 55 minutes. As a result of this speed, there is a 
huge bulge at the equator, so great that the diameter of 
the planet tahen through the equator is 88,698 miles, or 
nearly 4000 miles more than from pole to pole. 

A pair of binoculars or fleld-glasses shows a tiny disc— 
magnification of 18 times will do very well, but is even more 
than is needed. With a larger instrument, Jupiter resolves 
into a series of red, yellow, tan, and brown shadings, as well 
as a wealth of other telescopic detail. 

Exceptionally good '‘seeing*’ is not necessary to get a 
clear view of Jupiter’s surface markings, and frequently 
a slight haze or .smokiness in the air will help to steady the 
image. The cloud belts, for which the planet is famous, will 
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appear in low-powered telescopes as parallel bands stretch¬ 
ing across the disc. And another feature that the amateur 
will—or may—be able to observe is the “Great Red Spot” 
which was identified on drawings made of the surface in 
185d and has disappeared and reappeared during succeeding 
years. A marlcingof perhaps similar nature, discovered early 
in the twentieth century and known as the South Tropical 
Disturbance, may also be observed. 

But U is in its moons that Jupiter contains the greatest 
telescopic treasure for the amateur. The four that arc visible 
run a merry race with each other around the planet anil 
change their respective positions from hour to hour and 
night to night. They aren't hard to identify with an ephem- 
erii, and they can be followed for hours as they speed in 
front of Jupiter, throwing their shadows on the planet, 
vanish behind its giant disc, or plunge suddenly into its 
deep shadow. Binoculars will locate them, if outside the disc. 

It is easier to watch one of the moons throw its shadow on 
Jupitor than to watch the moon itself cross in front of the 
planet. The satellites often become tost against the back¬ 
ground when in transit and may drop out of sight—even 
in large telescopes. The shadow, being a black dot, is fairly 
easy to follow as it glides over the cloud surface of the planet 
(and it may even change its shape at times because the 
surface it passes over is uneven). The satellites in transit 
require at least a 6-inch telescope, but the shadow thrown 
on the planet is visible with a 4-inch instrument at 
times. 

Despite the fact that they seem to move haphazardly, ap¬ 
pearing, perhaps, all on the same side of the planet one 
night, then scattering around it the next, the four moons 
of Jupiter present an orderly miniature oi the solar system. 
Now and then one of them may vanish; and very rarely all 
four of them may be in front of or behind the planet. Yet 
each has a definite period (which you may time for yourself 
and then check with an ephemeris); each has a definite 
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pftth; and every one of these lour travels around the primary 
IQ the same direction. 

Of the n Jovian moons the outermost three revolve in an 
opposite or retrograde direction, from east to west. This 
has given rise to discussion as to whether they might sot 
be captured asteroids and therefore not originally members 
of Jupiter’s system. The four easily visible in small tele¬ 
scopes are considerably larger and brighter than the others. 
It is worth mentioning that Ganymede and CalJisto, of 
Jupiter’s train, are bigger than the planet Mercury. 

There is still another planet in the group that are classed 
as “naked-eye” objects, and although Jupiter may claim 
fame for its unrivaled system of moons, this other world— 
Saturn—has a set of rings that is unequaled in the entire 
universe. That is, our scientific caution prompts, us to say, 
the rings are unequaled so far as we Imow. 

In the eyepiece of a small telescope, they surprize ob¬ 
servers with their beauty even though it be eicpected. Com'* 
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posed of miUions of tiny moonieU, the rings appear as a 
thin> fiat circlet poised some 7000 miles above the planet’s 
equator. They are 41,500 miles wide from inner to outer 
edge, and by comparison with their width they are thinner 
than tissue paper—not more than 10 miles thick. 

This microscopic thinness causes the rings to disappear 
when viewed edge-on. At such a time they are visible only 
in the most powerful instruments as a thin needle piercing 
the planet, At other tim^ the lin^ may seem inclined 
upward or downward, for they are really inclined at an 
angle of 27^ tc the plane of the planet’s orbit and lie in the 
plane of its equator, As Saturn moves around the sun wo 
see them at varying angles—apparently from above, below, 
or edge-on, according to the Janet’s position with rcKpcct 
to the earth. They reflect so much light that when they 
present their broadest aspect to the earth, Saturn in the 
sky seems three times brighter than when the rings are 
edgewise. And when they are edgewise (which occurs every 
15 years) they are invisible in small telescopes, nearly so 
for the very largest. 

A medium-sised instrument shows the divisions of the 
rings clearly. The first one to resolve itself is the dark 
Cassini division, which divides the system in two and is not 
hard to detect with a small telescope. On the outer of the 
two rings thus formed, we may be able to pick up the faint, 
gray Encke division. And the word “may” is used ad¬ 
visedly, for the Encke strip is elusive and not always visible. 
On the inner ring there is a gradual shading off on the edge 
next the planet, a shading which melts into the misty gray 
border of the “crepe” ring. This foggy curtain on the inside 
of the rbg system is comparatively transparent, and the 
shape of the planet can often be seen through it. The stats, 
too, because of the tenuous nature of the crepe ring, can be 
observed shining through it on occasions. 

Saturn throws a shadow across its surrounding belt, a 
sharp black shape that outlines one rim of the planet; and 
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the lings in turn throw a soft, neatly bordered band upon 
the planet. This latter shadow falls upon cloud surfaces 
similar to those of Jupiter, cloud surfaces that are belted 
just as those of the larger pleinet. But few details concerning 
them can be seen unless unusual observing circumstazices 
prevail. Every so often a spot—probably related in nature 
to the Red Spot of Jupiter—appears, but none with the 
permanence of Jupiter^s marking has yet been observed. 
The. most recent one was a white spot which appeared in 

Where Jupiter whirls upon its axis in a bit under 10 hours, 
Saturn re^^uires 10 hours and 14 minutes. But Saturn, more 
obluto than Jupiter, has an equatorial bulge of 7900 miles. 
It is the second largest member of the sun’s planetary 
family with an equatorial diameter of 75,100 miles. 

In addition to her rings, Saturn has nine satellites; and 
as Jupiter has two larger than Mercury, so hsks Saturn one. 
Appropriately enough it is named Titan; it is nearly Sks 
large as the planet Mars. But itiont of Saturn’s moons are 
unfortunately not easy to observe with small instruments, 
and lucky would be the observer who could pick up any 
other than Titan in a S*inch glass. Were lie equipped with 
a 4-inch telescope, however, he might be more fortunate. 
Taking extreme care to distinguish them from the stars, 
he should be able to identify Titan, lapetus. Rhea, Tethys, 
and Dione (named in the order of observational possibility). 
Refer, of course, to the American Ephemeru for the numer> 
ous data necessary to identify them. 

Sc far away from the aim is this planet and so slowly does 
she pace through the heavens that the earth, after complet¬ 
ing a full revolution around the sun, has but to continue for 
IS days before we can see Saturn in the same aspect (for 
example, opposition) as in the year before. If Saturn is far 
distant, consider the cases of Uranus, Neptune, and Pluto— 
the three planets discovered since invention of the telescope. 

The first one was discovered by William Herschel in 1781, 
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more or less by accident. Tbe aetronomer was making a 
systematic survey of the stars when he noticed one that 
rkused to remain in its place. That was the planet Uranus, 
which is about $1,000 miles in diameter and stays on an 
average of 1,738,000,000 miles away from the sun. It can be 
picked up as a naked-eye object by people gifted with good 
eyesight, and a forehand knowledge of where to look for it. 
At such a time it appears as a skth-magnitude object. 

A 0- to IS-inch tdescope. magnifying from 400 to $00 
diameters, is needed before Uranus shows any apprcciahli^ 
disc, and then it appears as a tiny green object with faint 
parallel bands. No permanent markings have been dis¬ 
covered on the surface, but characteristic cloud bands can 
always be observed with the largest instruments. 

The planet has hve satellites, all very faint and beyond 
the reach of any but the largest telescopes. And so amateurs, 
for the most part, must be content with locating the planet 
and mapping its path among the stars. 

So, too, must we be with Neptune, though here the task 
of locating the object is more sport. The planet was dis¬ 
covered in 1346 by Adams and Leverrier, working inde¬ 
pendently on mathematical calculations; and its orbit is 
just about 1,000,0(M),CN)0 miles farther out than Uranus. It 
can be seen with a S-inch telescope and a magnifying power 
oi 1$ diameters; though iU 80,000 miles of diameter does 
not become a disc until we use a telescope of 9 to 12 inches 
aperture. 

At its brightest it is of the eighth magnitude, and the 
telescope shows a faint greenish color. Its two satellites are 
quite out of reach for amateurs, hut Neptune offers one 
consolation to the telescopist—once located it can easily be 
followed for the rest of the season because it spends nearly 
14 years in each section of the zodiac- And before you try 
to locate it you might try reading Appendix II, beginning 
on page 268, which describes the proper technique to use in 
hunting telescopic objects. 
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II N«ptune And Uranuj hsve acezned fix from the esrth» 
tbea Pluto will make them leem near. Por thii little world, 
with i the earth’a diameter, w n<»w the ohtermoat ])Ianet, aa 
far as known. It takei 248 yean for a ainglc trip around 
the sun, and twice In each revolution, it croasea the orbit 
plane of Neptune. 

Iti orbit, moat eccentric in the system, la farther from a 
circle than Uiat of any of the other major Janets. Pluto 
was discovered in 1930 aa the res\ilt of years of\earch begun 
by Perdval Lowell and finished by workers in the Flagstaff 
Observatory he had founded for planetary research. At 
that time it was in the constellation of Gemini, but it has 
since moved over into adjacent Cancer where it will be 
when you read this (unless you are a bit late), for it remains 
about 20 yean within the borders of each stair group. Need- 
less to say, it is completely beyond the range of small 
telescopes and even taxes the power of a 15-in<di refractor. 

The giant planets (Jupiter, Saturn, Uranus, Neptune) are 
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similar to each other but differ widely from the earth. 
Venus, and Mars. Their atmospheres consist of great layers 
of the noxious gases, arrunonia, and methane. Below this 
is an immense thickness of hydrogen, underneath which is 
a thick layer of miles of ice, and at the center the dense 
lodcy core. The ammonia is in minute crystals and the 
methane gaseous. The cold is inconceivable; surface 1oni> 
peratures are about -400®F. on Jujiitcr to — lion^ on 
Neptune. Conditions for any kind of life on tlieso durk, cohl, 
distant, and forbidding worlds would appear iuip<issil)Ic. 

There is a nakcd'cye observation which, if made a(*c(* 
dentally and without beforehand knowledge of wliat lh 
happening, is likely to send any amateur scuriying to the 
library for an explanation. It may be made for any one of 
the planets, including Mercury and Venus, which aa* visible 
when they present this phenomenon, and it consist* quite 
simply of an apparent reversal of direction by the object 
under observation. Hence it is called retrograde motion. 

A planet, Mars for instance, will be seen moving in its 
accustomed path west to east among the stars, then grad¬ 
ually slowing down, and finally moving east to west, nearly 
back in the direction from which it had been coming. After 
a short while, it will resume iU old motion again. The 
explanation, which is clarified In the diagram on page 77, 
lies in the relative motions of the planet under observation 
and the earth. The earth has a greater orbital speed than 
the outer planets, and as it overtakes and passes one of 
them, that other planet seems at first to move more slowly, 
then actually to be moving backward. A similar effect 
results when passengers in one automobile pass another on 
the road going in the same direction. As the earth swings 
further along, in its orbit, the other planet seems to resume 
its former motion. In the sky. Mars and Jupiter apparently 
describe a retrograde “loop”, while for Saturn, Uranus, 
Neptune, and Pluto, the loop is almost fiat, and they seem 
to “backtrack” along their own paths. 

|78] 


* 


* 


* 


* * * * 



* 

* 

* * * * * 


Tlie M^oojcl 


T im moon is one oi the most fascinating of celestial 
bodies and almost invariably the object oftenest 
viewed by the telescop&>user. On account of nearness and 
size we see the moon with the naked eye and with small 
optical power can observe a wealth of detail on the surface. 
It can be observed scientifically with various types of tele¬ 
scopes and cameras> and it is often said we know the 
topography of its surface better than we know some parts 
of the earth. 

The phases of the moon are so obvious a phenomenon 
that they are noticed by anyone seeing the moon at any 
time. The cause of phases is easy to understand. The moon 
is a nearly spherical body and is half-lighted by the sun. As 
it circles the earth> varying amounts of the lighted half face 
the earth. Except at full-moon time, only a part of the' 
illuminated spheroid is visible to terrestrials—hence the 
effect of phase. 

At times of new moon, the moon is between us and the 
sun, and at an eclii>se of the sun, exactly so, with the moon’s 
disc silhouetted against the sun, At any other new moon 
but that producing a solar eclipse, the moon passes by the 
sun either north or south of the latter, and the sunlight 
on the side of the moon away from the earth; hence the 
object is invisible for this reason as well as being obscured 
by the blinding glare of the sun. In a day or two after 
new moon, we see a narrow crescent in the west after sunset, 
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ior the lunar globe is now hackliffhted by the sun, just os a 
• tennis boll held away from us and nearly In Hne with n 
source of light is lighted up from behind and shows the aamo 
crescent—but we know the rest of the ball is there, even if 
not illuminated. 

During the lunar month, the moon travels eastward ly 
on the celestial sphere. Beginning with new moon, it takes 
positions successively, more and more such that the direc¬ 
tions of a line from the moon to the earth, and a line from 
the moon to the sun assume a right angle. This is the first 
quarter, one-fourth of the entire spheroid being visible (or 
half of the disc); it is then in quadrature with the sun, or 
80® away from it in longitude. Soon more than half of the 
disc is seen—the “gibbous” phase—until finally at full 
moon, all the half turned toward us is lighted up. Then 
the longitude of the moon is 180® from the sun, putting the 
moon directly on the opposite side of the ea^ from the 
sun; this is also caDed oppcfUion, at which time the moon 
rises at sunset time. After full moon, the phases are repeated 
in reverse order: the disc becomes gibbous, then at last- 
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quarter phaise, and shortly before new moon a thin crescent 
can be seen over the eastern horizon before sunrise. The 
of the moon is the time elapsed since the last new 
moon. The age of the full moon is about 14^ days. “ Crescent 
after new’* is obviously to be foimd east of the sun, whether 
seen faintly in the daylight sky before sunset, or as a more 
brilliant object after sundown; whereas the “crescent before 
new” is found in the sky west of the sun, hut in the eastern 
sky before sunrise. 

The ierminaior is a word meaning the variable line be¬ 
tween the illuminated portion at any moment, and the part 
in shadow. Inasmuch as the moon is a spheroid, the termina¬ 
tor is actually a complete circle around the moon, corre* 
sponding to the circle of illumination” on the earth, but 
the part on the opposite side of the moon is always invisible 
to us. Generally speaking, if you were at the terminator any 
time between new and full moon, you would be having 
sunrise on the moon; similarly if you were on that section 
(which is seen from the earth) between full moon and new, 
you would be experiencing sunset. 

The moon is of some real value to the people of this 
planet. Bluminating the landscape at night, for instance, it 
benefits us in all latitudes, the efiect increasing as we go 
poleward. In very high latitudes the moon at certain times 
illuminates an otherwise dark sky during the “long polar 
night ” when the sun does not rise at all for weeks. Again, 
the revolution of the moon gives us a basis for the measure 
of the month. Of greatest importance of any of the lunar 
effects are tides, and the moon is mostly responsible for 
these. 

Tides are a phenomenon of regular rise and fall of the sea 
waters, commonly twice a day. While the earth rotates, the 
oceans pass imdeineath the moon whose gravitatlve attrac> 
tion periodically raises the water level. Shipping would 
notice the effect at once if the moon were annihilated, for 
vessels would be unable to enter or leave many harbors, so 
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that commercial and paasenger trade 'should suffer untold 
losses. 

Our moon lends itself particularly well to telescopic 
study, on account of its nearness to the earth and lack of 
atmosphere. Nothing on the moon prevents all the features 
of its surface from standing out clearly and being sharply 
defined in our telescopes and photographs. To be sure» we 
are unfortunate in always having but one face of our satel¬ 
lite open to observation yet that face presents a superb 
array of topographic features to delight the eye. 

One who has not looked much at the moon with a tele¬ 
scope has no idea of the magnificent views to be encoun¬ 
tered. Even an experienced observer of lunar landscapes 
repeatedly ffnds something new—that is> landscapes under 
new lights or conditions. 

Aside from the purely astronomical sights, there are some 
phenomena, observable when the moon is near the horiaon. 
that are caused by refraction effects of the earth’s atmos¬ 
phere and the origin of which has nothing to do with the 
moon. Under certain conditions, various refraction effects 
distort the moon’s image Into almost unbelievable shapes. 
The commonest effect is for the otherwise circular disc to 
become so ffattened it is almost pumpkin-like. Nor does 
distortion stop here: occasionally the edges become serrated 
or saw-like; they even assume a step-Uke appearance, an 
effect almost indescribable. The bays or indentations 

march” along the moon’s disc moving perceptibly, even 
during brief observation, and often end with a part of the 
disc being separated entirely from the rest. Such effects 
are the result of varying density of a thick ocean of air on 
the earth’s surface, with concomitant changes in refraction 
low over the horlson. 

Any and all magnifications may be used on the moon. 
Even an opera glass will show the large gray plains, and a 
field-glass, some of the smaller features. But with high- 
power binoculars, magnifying 10 to 20 diameters, hundreds 
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of objects can be identified, although they are still small. 
The smallest object that we haTe been able to distinguish 
with ISX binoculars is the mountain-ringed plain Lalande 
(15 miles in diameter), which means that hundreds of ob¬ 
jects on the lunar surface are visible with low magnification. 

But to do justice to our aatdlite, we should use a tele¬ 
scope. A $- or 4-jnch refractor opens up a vast field, while 
reflectors of 6 inches aperture and above will reveal marvel¬ 
ous details. Low powers are needed when we wish to include 
the entire disc for general examination. For more detailed 
work, put on higher magnification: 00 to 100 diameters are 
very satisfactory for examination of mountain ranges, 
chains of crater-like formations, and topographic details of 
intermediate sue, while powers of 200 to 000 linear diam¬ 
eters are used for close-ups and details of the moon's smaller 
features, such as craters, pealis. and rills. 

On the moon, all living organisms needing air for breath¬ 
ing would find it utterly impossible to exist for even a few 
minutes, unless they were e«:|uipped with special oxygen 
or air tanks. As far as we can detect, the moon's atmosphere 
is simply non-existent We can prove by observation the 
absence of atmosphere. There is no ring of light visible 
around the moon at the time of a total eclipse of the sue. 
There are no clouds or areas of hasiness visible. The satel¬ 
lite’s limb* stands out as clearly as the center of the disc, 
which would not be so if an atmosphere existed. Occulta- 
tions of stars by the moon show an instantaneous disap¬ 
pearance or reappearance of the stells^r image in a striklDg 
manner, which also could not be were an atmosphere to 
absorb the image gradually near the limb. On the moon, the 
sky would always be a ni^t sky, except for the sun, with 
the stars—glowing steadily—visible right up to its edge. 
And one could see the larger asteroids, the great Milky 
Way, the mysterious sodiacal light, fax more brightly than 
on earth, and even the prominences and corona of the sun. 
There would be no ocean of dust, base, smoke, cloud, mist, 
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aod fog—no wind, no meteor, no aurora, no rainbow or 
halo, or any sound at all—and no twilight and dawn. 

Resuiting from the absence of air is anoUier ^phenomenon 
• tlie enormous temper atm‘e range from about 215*F., 
where the sun is near the zenith, to about 840*F below zero 
during the lunar night. Likely there are no water bodies 
on the moon, as we cannot detect sunlight reflected on 
them. And there would be no wind or water erosion on the 
surface. Altogether an utterly desolate place, the moon 
shows no recognizable signs of habitation. 

Galileo it was, who first observed the moon in lOlD with 
a telescope, and the satellite has held the attention of 
telescope'users ever since. Of the early moon students, 
Hevelius first published a chart of the whole surface, 'fhis 
chart was the best one for 100 years, and Hevelius was 
likely responsible for many of the names of the surface 
features. Riccioli published another map in 1651, replacing 
many of the earlier names with those of philosophers and 
scientists of the day. Over 200 of Riccioli’s names for lunar 
formations are still used. Since his time, many others have 
been added. 

The large surface objects of the moon are the gray plains, 
or maria; the lunar mountain ranges, peaks, ridges, hills; 
the mountain-walled plains or enclosures (such as Clavius), 
many of them effectually small plains; the mountain- 
ringed plains (like Copernicus); the crater-rings; craterlets 
and crater-pits; clefts, rills, valleys, and small features; 
and the bright rays. 

The topographic feature largest on earth is the oceans, 
and the next largest the continents. On the moon the largo 
gray areas known to the ancients as “seas** correspond 
perhaps to our oceans, or perhaps to the continents; it is 
difficult to make a good analogy. It is easy to tell why the 
ancients called them seas, for they ss$m to have been 
covered with water eons ago—or it may have been liquid 
lava (melted rock). Either the water or lava appears to 
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Have overrun and melted and thus broken down many 
mountain ridges and left only remnants. 

In the naming oi the maria, the Latin designation of sea 
was used— mare —and the name for each denoted some idea 
fancied at the time. The original Latin names of the seas, 
bays, etc., are still professionally used in astronomy, even 
more than their English equivalents. Altogether there are 
about 30 of the gray areas. They include the following largo 
maria: 


Mar« Crititim.Su of OWit 

M«ro ywcuAdiUliB.8 m of 7oeun<flly 

MamNo^ii. 8 m of Vector 

Mon TronqvlUitAtiA.8 m of TrftTi<)ulllity 

Mvo 8«r«nitAtb(. SMofScreoity 

M» 0 prl|orU. Sm of Cold 

Mort Tmbrium. S«oof8hower« 

More Viporum. SMofVapon 

More Nublurn. 8 m of Cloudi 

More Humorum.5 m of Humon 

OcMoui Preeonorum. OeoonofStomi 

Largest of the above is the Occanus Procellarum, occupying 
the eastern regions of the moon. Besides these, there are 
other smaller maria, like Mare Smythii (Smyth's Sea), 
Locus Mortis (the Lake oi Death), and Lacus Somnlorunt 
(the Lake of Dreams). 

The **seas" are quite dissimilar in appearance as to sur* 
face and extent. Small instruments indicate a level surface 
over most, but as the power is increased, more and more 
irregularities become apparent in the form of depressions, 
ridges, hollows, rills. The maria are darker than the rest 
of the moon; commonly the colors are different shades of 
gray, and in fact the naked-eye view of the ‘*man in the 
moon" is formed by these darker areas appearing against 
the lighter surface. 

Whether or not the maria were ever seas—now at least, 
they are and for millions of years have been what we c^l 
plains. Probably much of their surface is arid, desolate, and 

[ 86 ] 

















• THE MOON * 


forbidding; surely It b subject to greater extremes of heat 
than we ever know on earth. On account of their indefinite 
outlines in places, it is di^cult to estimate the proportion 
of the total lunar surface occupied, but tbe best opinion is 
that more than half the surface is covered by them. 

Mare Imbrium, a great elliptical plain 750 miles long, is 
bounded on three sides by mountain ranges (the Car¬ 
pathians, the lunar Apennines, the Alps), but the eastern 
side opens into the Oceanus Frocellnrum. Many other 
funnations of great disiiarlty of si&e are to be found in and 
around tlic region. Everywhere the surface exists ut about 
the same level, although there arc many low ridges in 
evidence, scattered over the surface. A particularly bright 
as well as rugged area is found just south of the mountain- 
walled plain Archimedes. In the middle of the Alps is a 
remarkable feature of unknown origin, the Alpine Valley. It 
is a unique thing, a narrow furrow about 5 miles wide and 
75 miles long, with various details visible in a glass of good 
sise. There is even a Mount Blanc near-by. 

The Straight Range is interesting, a series of Id or more 
peaks in one straight row about 45 miles long. This range 
can easily be seen in high-power binoculars, together with 
the TeneriiTe Mountains, immediately west. Along the 
northeastern shore" of Mare Imbrium Is a beautifully 
curved "bay" known as the Sinus Iridum, which latter bay 
was probably once a man all by itself. 

On the north, the bay is bounded by peaks rising 15,000 
feet or more above the interior, and containing several 
craterlets, and at the ends of this range are two promon¬ 
tories. Almost every conceivable lunar topographic feature 
can be found in Mare Imbrium, the crater formations 
existing in about all possible forms and sizes. Bright "rays" 
from Copernicus extend for miles over the plain. 

The two hemispheres of the moon, northern and southern, 
are rather unlike (at least in the halves visible to us) as to 
mountainous characters: the southern parts (the t&p in 
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lunsj: charts and photos) showing an array of hundreds of 
separate, circular crater formations, whereas the northern 
regions have several mountain ranges. The latter include 
the mountain chains surrounding Mare Imbrium, and the 
Kaemus Mountains separating Mare Serenitatis from Marc 
Vaporum. Likewise, there are other ranges scattered over 
the moon, such as the Altai Mountains, the Xtlphacn Moun¬ 
tains, and some ranges at the moon’s limb, like the Leibnitz 
Mountains. The limb mountains present an irregular rim 
to the moon, especially noticed during a total eclipse of the 
sun, and giving rise to the "Baily’s beads”. 

Mountain ranges on the moon have many peaks witli an 
average height of 5000 to 1^,000 feet, and a few are con¬ 
siderably higher than that, as Mt. Huygens in the Apen¬ 
nines—18,000 feet. The range bordering Sinus Iridum is 
very steep and high, as can be detected in the telescope 
under the proper lighting. In the Leibnitz Mountains near 
the south pole, some of the peaks are said by the older 
selenographers to be much higher, attaining 20,000 to 
35,000 feet, a figure which now appears to be definitely 
overestimated. Compare these elevations with Mt. Everest, 
the highest peak on earth (20,000 feet), remembering that 
the moon is only about i the earth’s diameter so that, 
comparatively, the mountains of the moon are consideruldy 
greater elevations. 

The curved mountain ridnis themselves are noticed in 
the regions of the maria, running miles in all directions, 
without any discernible system. They appear to have 
rounded tops, likely an example of erosion- Singularly 
enough, there are many unexplained mysteries about our 
satellite. What forces have been at work there to produce 
many of the features distinguished even in a field-glass, we 
do not know. The ridges are one of the examples of erosion; 
they seem to be worn down as compared to their original 
height and shape. The Riphaen Hoimtains are seemingly 
another example of erosion. Oihere are also numerous isD- 
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A c1o««^p view of tb« vut mounUin-wiJlod plein, Cloviuj, and nirruunding 
rtfioa near the south pels of the awoo. Many cratorloU and other dtUiU are 
visihia within the olrcular eoelenire aod eo tlie ramparte. {Y^rket ObwrMffr^.) 


lat^d 7nountain5> aa well as hilla that are dome>9haped> and 
many ol the latter have craters at their tops. 

It has been the loose custom to call all the round crater- 
like objects simply craUra. However, they consist of several 
types. The largest are the mounUiin^ii^alUd plaim. The 
diameter is from about CO to 140 miles. Only roughly circu¬ 
lar or polygonal in shape, they are surrounded by mountain 
walls, which in some cases rise little above the Level of the 
surrounding land. Yet they are impressive and oonspicuous, 
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for the inside is depressed below the general level outside 
the ramparts or enclosing walls. Clavius is the largest of 
all—being 140 miles across—but seen in perspective, near 
the south pole of the moon, it may look smaller than 
Schickard and Grimaldi. Ptolemaeus, near the middle of 
the moon, is another of this class. Inside Clavius can be 
seen a group of smaller crater rings, each 6 to SO miles in 
diameter, together with other cratorlets and elevations. 

In some eases, however, os Archimedes in Mare Imbrium, 
the interior is not depressed below the surrounding plain. 
One type of the class has low walls that ure discontinuous 
and present a ‘‘ruinous'* or broken-down condition of these 
“ramparts’* indicating probably they were once intact but 
have since suffered erosion, from either volcanic, meteoric, 
or other activity. 

The nowitdin^nged plaint are the most numerous; they 
are from 10 to 60 miles in diameter. They have practically 
circular ramparts, with walls commonly broad, and steep 
inner slopes, which are terraced with wide peculiarly eroded 
ravines. The moon’s face is literally almost covered with 
these formations, which are, as in the case of other details 
except the bright rays, seen best when on the terminator, 

In all the ring-plains, the floors are considerably de¬ 
pressed below the level of the surrounding well. Most of 
the mountain-ringed plains, like Theophilus, Copernicus, 
Tycho, have large central peaks. The peak is ordinarily a 
composite rather than a single mass, so that the crater 
floors are rarely smooth. 

Central peaks ore often found even when the entire 
“crater” is small, as with Herschel. This object, located 
just north of the great enclosure Ptolemaeus, is only about 
®8 miles in diameter. When the terminator—either the 
sunrise or sunset line—is passing by this crater, the latter 
is thrown into greatest relief and can be clearly seen with 
18 X binoculars. With a telescope giving much greater 
magnification, it has “high, regular, circular walls, much 
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terraced, and a fine central mountain on the summit of 
which Schmidt shows a cratcrlet, also a double crater and 
a craterlet on the crest of the north wall” (Goodacre). Such 
is a fragment of typical description of lunar formations. 

It is plain from observation that not all the craters have 
central peaks; why some do, and others do not, cannot be 
explained. It is thought that in many cases the absence of 
peak has been brought about by erosion, for very often 
vestiges can still be observed; but in some, like Longomon- 
tanus and ('lavius, there is definitely no central cone. 

Crai^-ringi^ arc a third type of round formations. They 
are from S to 10 miles across, approximately. They are 
circular, with walls only slightly elevated over the outside 
surface while the inside is well depressed. Thousands of 
these small objects are scattered over the moon's surface 
with no systematic arrangement. Too small to appear on 
our moon chart, they can be detected on photographs. Just 
one of these, Linn^, is shown on the map. 

CraterUia are of the same nature as the crater^rings only 
smaller, and are scattered indiscriminately over the surface. 
They are indeed so numerous as to render impossible an 
estimate of their number, for inasmuch as they are very 
small they become more and more evident the higher the 
telescopic power used. Similarly, crater-piU cover the sur¬ 
face in large numbers, being shallow depressions with 
ordinarily no surrounding rims. 

CraUT-chatTu and chains of walUd plains attract consider¬ 
able attention, like the group starting with Herschel and 
Ptolemaeus and extending southward. Such are used as 
arguments both for and against the opposing theories of 
the moon’s origin. Ruined ring-plains are almost surely an 
effect of erosion. Fracastorius is an excellent example^a 
great ring-plain in which the “seaward rampart”—as it 
were—has been leveled to a chain of low hills with wide 
passes between them, on the place where the original wall 
once existed. Many others show this effect in parts of the 
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walls, such as Pitatus and Posidonius. Other minor features 
include twin craUrSy mvlHpU erafsrs, kiUiop crates. The 
latter axe the most nearly like our terrestrial volcanic 
craters. They are not common however and need high 
magnification. They can be found on the tops of the central 
peaks of Walter and Arzachel. 

When the moon’s crust cooled—so runs the idea held by 
some though not all astronomers—it shrank and cracked. 
Whether this is true or not> there are various or cUfU 
found on the surface. Some are £at and broad and others 
narrow and deep, as on the floor of Alphonsus. The one 
most clearly visible is the large winding valley known as 
Schroeter Valley, at the north end of Herodotus. Ordinarily 
it takes high optical magnifleation to see the rills, and 
various sclenographers oi note have identified hundreds of 
rills, especially under oblique lighting. 

True, well-deflned lunar wlUys arc not very numerous. 
The best examples are the great Alpine Valley and the 
Hheita Valley. The Alpine Valley outs directly into the 
Alps. Straight and wide, with steep cliffs, it is possible that 
it may have been caused by a huge meteor striking at a 
very acute angle. The Rheita Valley is about 15 miles wide 
and extends for lOO miles i it can be found northwest of the 
formation Fabricius. It Is noticeably curved, and the origin 
is probably very different from that of the Alpine Valley; 
possibly subsidence of the land is responsible for the Rheita 
Valley. Bast of Ftolemaeus, in the Mare Nubium, is one of 
the largest valleys on the moon; another lies to the west of 
Herschel; still other types of valleys are found on the 
ramparts of the mountain*walled enclosures, as in Gassendi. 

Perhaps more mystery surrounds the nature of the bright 
r<tg$ than any other single feature of the moon, for although 
they are clearly in evidence even in a small glass, their 
nature and origin are obscure. They consist of brilliant, 
narrow, white streaks always emanating from some crater 
formation. At least 100 of them are known, Some extend 
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for hundreds of miles over the surface before becoming 
finally lost. Evidently they are surface formations only and 
are probably never found on high elevations. They seem 
to proceed without regard to changes of level over which 
they pass. It is also clear that the rays manifest no change 
that can be detected. 

Some of the largest of the bright ray systems are to be 
seen extending from Tycho> Copernicus, Kepler, and 
Aristarchus. Itays from Tycho are the largest and finest of 
all, some going as far as ^e outer boundary of Mare Nee- 
taris. CrateT'fiocrs in the path of Tycho*s rays show that 
the rays cross the crater formations; hence we infer that 
the rays must have been formed after the craters. When 
they cross the maria, however, they invariably lose in 
brightness. Some of the ray systems are composed of much 
shorter rays. 

No one knows the origin of these brilliant streaks. Per¬ 
haps they were occasioned by the deposition of crystalline 
dust on either side of invisible surface cracks. 

A long range of light shadings, from heavy, black, detail¬ 
less shadows to a dazzling white, exists on the moon, al¬ 
though the average refiective power is that of dark rock. 
Aristarchus is the brightest spot on the moon, and Marc 
Humorum the darkest ‘‘sea’*. 

Our satellite seems generally to be composed of shades of 
yellow and gray, yet a few observers see other colors. Tints 
of green have been distinguished on the Maria Humorum, 
Crisium, and Sereoitatis. It is also said that the Palus 
Somnii shows a golden-yellow to light brown hue, that 
Mare Frigoris is dull yellow'green, and most remarkable 
of all, a duU reddish area is supposed to have been seen 
once in a small crater. Naturally, perfect optical equipmeut 
is necessary to distinguish the colors correctly—either a 
reflecting telescope or a highly corrected objective—*as well 
as good seeing conditions of the atmosphere and a good eye. 
Moreover, terrestrial atmospheric effects must not be con- 
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iused witli intrinsic lunar colors, nor must wc be confounded 
with “penumbral” shadow effects on the moon at certain 
times. Many expert observers never see any special colors 
on the moon. 

No one knows yet how the moon*s topographic features 
originated. The two leading theories that attempt to ao 
count for their origin are the volcanic idea (in which all 
the crater-like objects were formerly volcanic centers, and 
the gray plains volcanic extrusions) and the meteoric 
hypothesis (wherein such formations resulted from the 
impact of meteorites that fell to the moon*s surface eons 
ago, during the formative stages of the lunar globe). 

The commonest opinion held formerly was the volcanic 
idea; but later Proctor argued that meteorites were respon¬ 
sible. At present opinion is probably about evenly divided 
between the two notions. An immense amount of discussion 
has taken place, with arguments and objections on each 
side. Against the volcanic theory Is the objection of the 
form of a typical lunar crater, which differs notably from a 
terrestrial volcano, the craters on the moon being hollow 
with no conical mountain muss. Also it is almost inconceiv¬ 
able that vulcanism could nearly cover the surface of the 
moon, as it seems to have done, with 30,000 craters on our 
side of the surface, and with the maria, whose forms are 
similar to the mountain-walled plains and so may have the 
same origin. Again, the craters are distributed indiscrimi¬ 
nately, not following lines of crustal weakness as on the 
earth. 

Goodacre claims that the presence of a large number of 
bright spots on the surface, of the type of the Linn4 crater, 
is the best evidence of volcanic origin. At the center is a 
small crater from which it appears as if the white material 
composing the rays has been ejected. Radiating ridges, 
as from Tycho, also help in this idea. 

Objections to the meteoric idea include the following 
arguments: since the earth and moon have probably been 
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traveling together in the solar system since the “begin¬ 
ning’** meteors should have fallen on each body alike, or 
rather, they should have fallen correspondingly more on 
the earth than the moon, because of the larger size of the 
former. Yet only a comparatively few meteoric gashes have 
been found on earth* of which Meteor Crater is the largest. 
And there seem to have been no traces left in the rocks 
to indicate “fossil” falls* or those antedating the present 
geologic era. Yet the presence of the earth’s atmosphere 
would consume most meteors and hence they would not 
produce craters. Gigautic size and number of craters on 
the moon indicate that the meteors would have been larger 
and more numerous than is held likely. 

The exploiivt meteoric theory is a rather new form of the 
meteoric idea and possibly has more in its favor than any 
of the other ones. According to the calculations of physics, a 
meteor moving at great velocity has so much kinetic energy 
that, when suddenly stopped, It explodes with unparalleled 
violence. At 40 miles per second, according to Gifford, it 
has 400 times the energy of dynamite, and many of the 
meteors come in with greater velocities than that. The 
question Is, why is there not a continued bombardment 
now, like the ones which seemingly occurred in the past? If 
the number of meteors still coming to the earth’s atmos¬ 
phere, after many millions of years is as great as is proved, 
what must the colossal “harvest” have been in the early 
eras, it is asked. Very probably the larger masses were all 
gathered up soon in the life history of the solar system, so 
that only the small ones are now being drawn in^which 
appears reasonable, as we seldom have large ones striking 
the earth, although here it is partly because they are con¬ 
sumed in the atmosphere. 

It is held that if a meteor at 40 miles a second strikes the 
moon’s surface (of lesser density than the earth’s, and with 
no atmosphere to resist the flight) and has its motion 
stopped in iV second by the resistance of the globe, it will 
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penetrate about i miles below the surface. In the iV second 
its “energy of translation” is transformed into molecular 
agitation. The energy necessary to vaporiae the meteorite 
is but a small part of iU total energy, and the surplus energy 
after vaporising the meteorite is still over 400 times the 
energy of dynamite, with a resulting prodigious explosion. 
There is no time for conduction of heat, and little time for 
melting, but instead, the materials surrounding will be 
instantaneously pulverised by the shock, like the “star 
dust” of Meteor Crater. The lesser gravity on the moon 
would have the effect that for a certain velocity of meteor, a 
surpritingly larger crater would be formed. 

This idea of penetration of a meteorite below the surface, 
and the explosion and vaporisation of the greater part of 
the mass is in accord with the views of Moulton, who claims 
that to be the reason why more of the supposedly hidden 
iron masses are not found in meteor craters. The great 
extent of explosion does not seem to be appreciated by scien¬ 
tists in general. The explosive meteor idea also explains 
best the great lunar maria, where a larger meteor, or perhaps 
a swarm of these bodies, broke the crust. Mare Imbrium, it 
is believed, might have been produced by a 4-mile-in- 
diameter meteor if going at 40 miles a second. 

The dark color of the lunar seaa is also best explained by 
this theory. And lastly the vexing question of the bright 
rays seems to be more Logically solved. Explosion by a 
meteor passing into the solid crust, perhaps in the subsur¬ 
face liquid material, first caused a cracked surface and then 
a wave of hydrostatic pressure in the liquid that forced 
some of the material into the cracks to condense around 
them at the surface. 

The moon is our nearest planetary neighbor to remain 
always a certain distance from the earth. From observations 
it has been determined that the mean distance of the moon 
from the earth is 238,857 miles; but the eccentricity of the 
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orbit, or ratio by which it <ii£Fers from a perfect circle, 
causes the distance to vary from S92,000 to ^55,000 miles. 
This means that the moan is distant ahaui 60 earrft>radti. This 
true scaJe should be remembered, rather than the usual 
models showing the moon close to the earth. After the size 
and shape oi the orbit are determined, it is not difRcult to 
calculate the velocity of motion. This is about SSOO miles an 
hour in iU orbit, and equal to the muzzle velocity of very 
high-power guns. The distance of the moon is such that the 
average angular velocity as seen from the earth is about 3ft' 
per hour, so that the satellite moves over a space just a 
bit more than its own diameter every hour. 

As the distance of the moon can be found by triangulation 
methods of surveyors, and as the diameter can be measured 
in the telescope, the size of the moon is easily derived. The 
diameter is about £160 miles or over ^ that of the earth, the 
surface area about 'fx ^f ^he earth's, and the volume 
Although some oi the other satellites in the solar system 
are larger than our moon, none is as large as our moon 
compared to Its primary—the planet around which it 
revolves. The moon's density is 0.6 the earth’s, or Si times 
the density of water. The gravity at the surface is i that 
of the earth, so that a man weighing 175 pounds on the 
earth would weigh £9^ pounds on the moon (if weighed by 
a spring balance). Contrary to the usual opinion, he could 
not jump six times as far in actual height, but could lift 
his center of gravity six times as high. Also an object thrown 
by one on the moon would go six times as far—and prob¬ 
ably farther, there being no wind resistance. Many curious 
phenomena would be observed in connection with such a 
small surface gravity. 

Of course aU the light of our moon is reflected sunlight; 
there are no incandescent areas where it could be shining 
by its own light. The easiest method of proving this is to 
look at the dark invisibLe limb of the moon, which is in 
shadow. When it is not illuminated by earthshine we see 
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nothing of the surface. Besides this, an observation with the 
spectrograph shows that the light of the moon is similar in 
spectral characteristics to sunlight, and this proves its 
nature. 

Astronomers are often asked how our satellite compares 
with the sun in brightness. It is not an easy matter to 
measure this ratio, hut the moon is weaker than most of us 
would guess. The average of the beat photometer measure- 
inenls shows that the full moon gives the sun's 

brilliance. More sunlight comes to the earth in a few seconds 
than moonlight for one year. At the quarter phases, the 
earth receives only about i os l ops much light from the 
moon as from the sun. Photographs prove that the moon is 
yellower than funligki —contrary to popular ideas, It would 
take five skies entirely filled with full moons to equal the 
sun’s light. 

It is comparatively easy for anyone to get a good idea of 
the general movements of the moon in the heavens, as these 
movements appear to us, that is, the apparent motions. 
After the diurhal motion, the apparent motion easiest to 
observe is the constant eastward motion against the back¬ 
ground of distant stars. When the moon is apparently near a 
planet or bright star, its motion can be detected with the 
unaided eye, sometimes in an hour’s time. The eastward 
motion is also detected by the noticeable retardation of 
rising each night, for it rises perceptibly later every night 
(or day). 

The eastward motion is evidence that the moon goes 
entirely around the earth in about a month. The eid&real 
period is the time taken to pass from a certain star around 
the heavens and back to the same star. Its average is 
27^^4S“ll*.5, and is used as the sidereal month. The mean 
daily motion is IS* 10',58, Another revolution time of the 
moon is the eynodic period^ or the time taken in moving 
from a certain position with respect to the sun, around to 
the same relative position again, as between two succes- 
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give full moons. This intervml, the syoodic month, is 
2d^l2^44*d'.8; it is the one most closely corresponding to 
our calendu month. 

Of course, the times of rising and setting of the moon are 
of importance to everyone interested in this heavenly 
body. Phenomena of ruing and setting are complicated 
because of the fast eastvard drift’* among the constella¬ 
tions and the variation in declination of the moon from day 
to day (caused by the inclination of the moon’s orbit to the 
equator). 

The moon m a month’s time is now north of the equator 
and now south—racing among the constellations at the rate 
of about one constellation in 2 days. The first effect gives it a 
change in declination. If we are in the northern hemisphere, 
as the north declination increases, the moon goes nearer 
the north celestial pole. Then the length of time it stays 
above the boriaon becomes longer. Hence a greater declina¬ 
tion makes for an earlier rising and a later setting (for the 
observer of the corresponding hemisphere) than otherwise. 
And if the observer be In the opposite hemisphere of the 
earth from where the moon is, so to speak, he has corre¬ 
spondingly less moonlight per day. 

Althou^ the daily motion of the stars and celestial ob¬ 
jects is westward, the moon is also moving more slowly in 
the other direction (eastward), so that it takes longer than 
just a day between two successive moonrises, or two transits 
over the meridian, or two moonseta. This is the doHy rsfarda- 
tion. The combined effect of the two motions is this; the 
retardation causes the moon to rise, on the average, about 
50 minutes later every night; and this retardation itself 
fluctuates with change of declination of the moon. 

When the moon is near the vernal equinox, the increasing 
declination day by day tends to lessen the normal retarda¬ 
tion in the rising time (for the northern hemisphere); but 
the retardation at setting is increased. In the southern 
hemisphere the effecU arc the opposite. Simiiariy, when the 
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moon U Dear the autumnal equinox, the moonrise is later 
and later each day by a large amount, but moonset is later 
each day by tiie minimum difference—in the northern 
hemisphere; and the opposite in the other hemisphere. 

The above phenomena of changing retardation of rising 
and setting moon occur each month and are most noticeable 
in the autumn with the full moon at the vernal equinox. 
Moonrise takes place nearly simultaneously with sunset. 
The moon’s apparent path is now more nearly parallel to 
the horizon than at other times, so that ai i/u same luiur 
eaeh evening, it can be successively farther eastward in ita 
longitude, yet will be comparatively near the horizon for 
several days in succession, ^is is the Aarvesl moc^ and gives 
us glorious moonlight evenings—the nearest full moon to 
the time when the sun is at the autumnal equinox of 
September. The next full moon is nearly the same, and goes 
by the appellation of hunier'e moon. In high latitudes the 
effect of the harvest and hunter’s moons is most pronounced. 

In case the moon’s ascending node corresponds with the 
vernal equinox, the moon's path (when the node is rising 
at the eastern horizon) lies more nearly parallel yet with 
the horizon, and thus extreme conditions prevail. In lati¬ 
tudes south of the earth's equator, the harvest-moon condi¬ 
tions occur at the vernal-equinox times, or spring in the 
northern hemisphere, but autumn in the southern latitudes. 

Strangely enough, oursateUite always presents nearly the 
same face to the earth, wherever it is in its orbit or what¬ 
ever the phase. It rotates on its axis in exactly the same 
period as its sidereal period around the earth, and rotation 
is in the same direction as the revolution. At first it seems 
to be ^cult to understand that the moon can rotate at 
all, while always turning one face to the earth, but if you 
walk around the room in a circle, always facing the center 
of the room, you will find that you have been facing every 
direction of the compass during the circuit, and have per¬ 
formed a rotation. The same situation holds with the moon; 
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if the moon did not rotate on its axis, it would have to face 
always the same direction in apace, and would then seen 
to ua to turn, presenting all of its “sides” to us in the course 
of a revolution, 

Actually though, a considerable portion of the moon’s 
surface at the edges is alternately visible and then turned 
away. Because of these “librntion” effecU of the moon, it 
does not always show precisely the some face to us but has 
certain oscillations back and forth from a mean. Because 
of libroiion in laHtude, the observer from the earth 8ec.'« 

beyond one of the poles, and then half a lunar month 
later, he secs beyond the opposite pole by a similar amount. 

lAhraiion in longitude allows us to see around the eastern 
or western limb alternately, about 7*45' farther than the 
mean, this motion putting into view at times certain plains 
like More Smythii and Mare Humboldtianum, that lie on 
the extreme edge. At the opposite periods during the lunar 
month, each region can scarcely if at all be seen. For the 
moon’s angular motion in orbit is variable, because of 
orbital elKpticity, while the rate of rotation is uniform. Near 
perigee, its closest approach to the earth, it revolves faster 
than average and accomplishes DO* in angular measure, or 
one-fourth of a revolution, in less than one-fourth of the 
time of its period of revolution. 

Besides exploration of the moon's surface, certain special 
telescopic observations of interest may be made of other 
phenomena involving the moon, such as occultations and 
eclipses. Moving along its prescribed path against the 
starry background, the moon frequently glides in front of a 
star or planet, hiding one of them from view. Inasmuch as 
the moon always moves (nearly) eastward in the sky, the 
occulted object disappears behind the limb of the eastern 
hemisphere at immersion, and reappears on the western 
limb at emersion. A telescope is needed, even for bright 
planets occulted, for the glare of the moon prevents the 
eye from noting the ejcact moment of disappearance or 
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reappearance. And it must be remembered that an as¬ 
tronomical (inverting) telescope reverses the image, top 
and bottom as well as side for side, so that a star appearing 
at the left of the moon to the naked eye will seem to be at 
the right In the telescopic field. 

Occultations give spectacular proof of the absence of 
lunar atmosphere, for the disappearance of a star is instan¬ 
taneous; no gradual diminution of light occurs: it suddenly 
is invisible. Similarly, at the calculated time the reappear¬ 
ance takes place in an equally startling manner. Good obser¬ 
vations made with proper timing are of value to certain 
professional astronomers, who encourage the work and who 
use the results for improving the data of celestial mechanics. 

Time of immersion or emersion in good occultation work 
must be known accurately withm 1 second. Radio time 
signals from the Naval Observatory station, an electric 
clock, experience, and ingenuity are essentials. A list of 
predicted oppositioEis for one’s own latitude and longitude 
can be found in the American Ephmsru and some other 
professional periodicals, notably the Almanac 

(London). To get the exact predicted time for a particular 
locality, a small amount of computation has to be made 
with the given data, to fit the observer’s station. Occulta- 
tion work is more interesting than one would think, and 
observers become highly enthusiastic over it. 

Eclipses of the moon are never missed by the enthusiastic 
astronomer. Sufficient data are always given in the pro¬ 
fessional ephemerides. Commonly, each eclipse presents 
features different from the average. As the moon enters the 
earth’s shadow, the stages are timed, and found to run close 
to prediction. The spectacle is often more beautiful and 
interesting than one would think. The color of the moon at 
different stages of the eclipse varies: typically there is a 
real copper color cast over the moon at and near total. 
During mid-eclipse the surface may be more or less visible, 
from sunlight refracted and reflected from the atmosphere 
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Ground tbe disc of the earth. Yet in aome lunar eclipses 
the moon at midototality is so dark as to be invisible. 

The curved shadow of the earth on our satellite consti¬ 
tutes a partial proof of the general spherical form of our 
planet. One such eclipse is no proof, because any object of 
circular cross-section might cast such a shadow. But if 
under every circumstance covering many eclipses* the 
shadow be observed as circular, the evidence is highly 
conclusive for sphericity of our globe. 

When an eclipse of the moon begins we have first tbe 
event moon enUrs penumbra, wliich always occurs near 
tbe eastern limb of the moon, whereas solar eclipses begin 
at the western limb of the sun. This penumbral, or outer, 
region of faint partial shadow can scarcely be detected near 
the beginning of eclipse; but as the eclipse progresses, it 
gradually becomes evident that tbe penumbral region is 
darkening as it nears tbe central section of the earth's 
shadow—the umbra. 

This umbra is the full shadow and is quite dark. The 
unaided eye from the earth sees the umbra with sharp clear 
edges; but with low-power glasses the shadow appears 
somewhat diffuse, and high magnification prevents us en- 
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tircly from defining the exact edge of the dork shadow. 
Duration of totality may be from nothing at all, where the 
eclipse is only partial, or may range up to a maximum of 
1^40*. As to ^e duration of events, the moon may be in the 
Brst part of the penumbra an hour, in the deep shadow 
1^40”, in the last part of the penumbra as long as on hour, 
giving an entire maximum period of about ^40” for the 
phenomena. 

hloon eclipses can be seen over half of the earth simul* 
taneoualy although clocks in different time>sones read 
different hours. Not only arc the events visible wherever 
the moon Is above the horizon, but on account of rotation 
of the earth, actually more than half of the globe is subject 
to a lunar eclipse. The whole half of the earth in moonlight 
Is simply darkened during eclipse. The mechanics of solar 
eclipses are different, and the path of totality is a small 
atrip across one part of the earth. 

Eclipses of the moon are not nearly as important as those 
of the sun. The main value of lunar eclipses lies in the 
partial proof of the earth’s form, the opportunity for study 
of beat radiation at the moon’s surface when eclipsed, and 
the spectacular effect. It touches one’s general astronomical 
interest to note the differences between various eclipses. 
They may be darker or lighter than the average, depending 
upon the atmosphere around the earth’s edge as seen from 
the moon; and there are apt to be phenomeoa of lighting 
effects near the limb, which are always unpredictable. 
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B ktwesn the sun and the earth arc acme 98,000.000 
miles of nearly empty space, with the temperature 
close to the absolute zero of —439^F. But should you 
carelesaly turn even a small telescope on the sun without 
using a darkened sun-glasa, it would bum your eye severely. 

Which is in the nature both of a warning and of a com> 
mentary on the size and heat of this comparatively small 
star which makes life possible upon the earth. The sun is a 
huge globe of incandcHcent gases, measuring 865,580 miles 
in diameter. It woxild take a line of 109 earths to reach 
across its diameter (and more than 1.000,000 to equal its 
bulk). 

But the planets wouldn't remain there long. They would 
melt into ^e body of the sun almost instantly, unable to 
withstand the surface temperature of 11,000”P. The heat at 
the interior of the star, incidentally, has been estimated at 
as much as 40,000.000^. Under the conditions of heat and 
pressure at the sun's core, it is believed, atoms are unable 
to remain in what is to us their normal state. 

These tiny building-blocks of matter are broken down, 
according to a popular version of one of the current theories. 
The electrons that revolve about the central nucleus, as the 
planets do about the sun, are stripped away, and the nuclei 
are subjected to terrific mutual collisions. It is violent 
processes of this type, some astronomers believe, that supply 
the sun with the heat and energy it pours out into space. 
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As it releases this energy* the sun is at the same time 
giving away of its own mass and body- Every second over 
4,000,000 tons of the star are poured off into the void, and 
80 big is lie source of life that scientists estimate it can 
continue at this rate for several billions of years—even if 
its resources are not supplemented in some manner from 
the outside. 

The earth receives the tiniest portion of this energy, >mil 
yet, as every schoolboy sooner or later discovers, the ainall 
amount falling on the surface of a inugnifying g)a>« ix 
sufficient to burn wood or start a fire when concentrated (it 
the focus. 

The surface of the sun (that which we see when observing 
it with field-glasses or a telescope) Is known as the photo¬ 
sphere. It’s the first of four outer layers, and directly above 
it is the reversing layer, surrounded by the chromosphere, 
which in turn is enveloped by the sun*s corona, 

Down on the photosphere are the sun-spots. On some 
days, especially during the time of a sun-spot maximum, 
there arc sun-spots large enough to be seen with the" naked 
eye, These arc the big ones, running perhaps from 60,000 
to 160,000 miles in diameter over-all, into which a handful 
of earths could easily disappear. Almost any day during 
the maximum season as many as 26 smaller ones—still 
large enough to swallow our entire world—are visible in a 
2- or 8-inch telescope, or even with a smaller glass. 

The spots frequently swim through the sea of incandes¬ 
cent gases in pairs or clusters, and seem to move across the 
disc as the sun turns on its axis. They prefer solar latitudes 
between 6^ and 40®, both north and south, and most live 
for only a few days. 

Some, however, do stay longer and may even last through 
a full solar rotation of 25 days and still be ‘‘going strong”. 
Under higher magnification, the spots show a dark center 
known as the umbra and a lighter surrounding area called 
the penumbra. Umbras generdly run from a few thousand 
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to 50,000 znilos in diameter, wltile the peoumbrae some* 
times reach 150,000. The entire spot appears black agaicst 
the background of the sun, but if It were not seen against 
the surrounding photosphere it would seem to be white hot, 
as it really is. 

Scientists constantly discuss pro and con the possible 
effects of these sun-spots on dally life here on the earth. 
And although the precise effects may be debatable, there 
seems little doubt that the appearance of great numbers 
of sun-spots in the course of the primary cycle of 11 years 
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does have some mfluenoe od the weather, auroras, magnetic 
poles, radio reception, and perhaps even upon the normal 
course of human behavior. 

What then is the nature of these spots which have so 
much to do with life on the earth ? They seem to be magnetic 
storms on the surface of the sun, whirling about a center 
in a manner similar to cyclones on the earth, although they 
arc quite different. They are apparently associatwl witli 
streaks of extreme brightness known as laculae which are 
also located in the photosphere and ore frequently observwl 
in the vicinity of spots. 

These faculae are visible in high-power binoculars, or in a 
fi-inch telescope, especially when observed near the edge of 
Ibe sun, where the photosphere seems to be darker. They 
commonly seem to have longer lives than the associated 
spots, and often new spots can be seen growing among them 
in places where old ones have died. 

Three methods of observing the sun-spots and faculae are 
available to the amateur astronomer. The first, of course, 
is by looking directly at the sun with a telescope, v>hen 
extr$rM cart mwf Js iahm to use a a dsnsc ray 

filler, or eome other msons of protecting ike eyes. 

It is more interesting, though, to project the solar imago 
on a piece of paper. It eliminates all danger to the eyes, 
permits simultaneous observation by a number of people, 
and also allows the accurate charting of spots. Using a 
telescope, rack out the eyepiece a little farther than neces¬ 
sary for normal visual observation, and then move the 
paper screen back and forth until the image thrown on it 
becomes sharp and clear. A wire frame can be rigged to 
bold the paper at the correct distance, and it might be 
worth while to drape a piece of black cloth over the wire 
framework to keep out some of the extraneous light and 
give a more distinct image. 

Another aid in this direction is a piece of cardboard, with 
a hole at the center, placed on the telescope tube near the 
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eyepiece. The diagram on page 988 U designed to 5ug> 
gest the best method for aasemblmg the accessories, and 
they can be adapted to eren a small telescope without 
a mounting. 

By tracing the images projected in this manner, esrimat* 
ing the size of sun-spots is easy. Suppose, for instance, that 
the diameter of the sun’s disc is 4 inches, and that the 
diameter of the spot under observation is iV ^^^h—or Vr 
of the sun’s disc* in other words. That 4 inches represents, 
of course, the sun’s true diameter of 865,380 miles, and 
the spot then is 13,500 miles in diameter. Just average! 

Also, from the jirojectcrl images orte can make diarts of 
the 8pot>pi>silions, their number, speed of rotation, and 
duration. I1ie other methods of observing the sun offer do 
such facility. The third method, for instance, is little more 
than a variation (and a highly expensive one) of the first. A 
solar eyepiece is fitted to the telescope, equipped with a 
prism that eliminates most of the sunlight and permits a 
direct view of the sun with least danger. Serious observers 
prefer direct observation with this ‘^Herschel solar prism” 
because it permits more accurate study of details is the 
various solar features. 

The third characteristic of the photosphere is out of 
retch of the small telescopes we have been considering so 
far, but seen through instruments of considerably greater 
power it is quite absorbing. All over the solar image there 
is a granular structure that characterises the surface. It 
consists of light nuclei, which brighten the entire sphere, 
set against a dark background. The nuclei are usually 
round, but in the vicinity of sun-spots, because of some pull 
or pressure exerted upon them, they may be oblong. 

These **rice grains” are separated from each other by 
about 500 miles, a distance that is equal to their diameters, 
and they do not retain their form constantly. Bather they 
appear and disappear, or change their shape, continually. 

The reversing layer is a mass of v^wrs* entirely of the 
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e&rthly element8> that stretches some liOO miles above the 
photosphere. It is cooler than the surface, and as a result 
the gases in it absorb light coming from below causing cer^ 
tain dark lines to appear in the solar spectrum. During a 
total solar eclipse, as the moon covers the surface layers 
at the edge of the sun, the background of brighter spectral 
lines is removed and for an instant these dark lines appear 
as they really are—brilliant in themselves. The split>sccond 
reversal of the spectrum, of course, gives the reversing 
layer its name. 

Outside of the reversing layer are several thousiind mile^ 
of lighter gases-^hydrogen, helium (first discovered in the 
sun, then sought on earth), and perhaps calcium—^which 
compose the chromosphere. Here, in this third layer of the 
sun’s atmosphere, originate the hydrogen prominences that 
rise like clouds of luminous smoke thousands and hundreds 
of thousands of miles. Some have been measured as climbing 
1 , 000,000 miles above the solar surface, and they travel at 
amasing speeds. Here, too, lie the docculi, which are incan¬ 
descent masses of hydrogen or calcium, probably associated 
with the prominences. 

The nature of the corona is a mystery. It extend.H all 
around the .sun and is so tenuous that comets have been 
immersed in it without slowing down, The form vari<a with 
the sun-spot cycle; when the spots are minimal, equatorial 
streamers extend to .several diameters, whereas at maximum 
the corona is es.sentialiy spherical. Evidence points to 
coronal temperatures of 1,800,000 ®F. 

For the corona we need a total solar eclipse, but these 
ax'e rare for any one spot on the earth. Though they are 
more frequent than those of the moon (which almost every¬ 
one has seen at some time or another), they are visible in 
very small areas while lunar eclipses are visible over half 
the earth. In New York, for instance, there was a total 
eclipse of the sun visible on January 44, 1085. There had 
not been one over Manhattan Island since the fifteenth 
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century, and there will be no other vUible from that location 
until October 26, 2144. 

But aometime we may have an opportunity to see a total 
eclipse of the sun without traveling too far from home, and 
it is quite probable that should such a chance come we’ll 
take advantage of it- For, aside from the fact that it may 
well be our only hope of seeing the prominences and corona, 
u soliir eclipse is beyond a doubt the most beautiful and 
impressive of all the sights in nature. 

It begins quietly enough, with a small nick appearing on 
the western edge of the sun. As the minutes pass by, that 
little nick grows larger, and the visible portion of the sun 
becomes smaller. Toward the end, just l^fore totality, the 
sky is noticeably darkened, and an ominous silence settles 
over the earth. Birds flutter to their nests, animals slink 
home, the temperature dips. Then, alter a last thinning 
crescent, the sun disappears completely behind the moon, 
and a pearly corona glows softly in the sky around a black 
disc. A few stars come out, night birds wheel in the air, and 
night insects begin to chirp. Everything else is still, and 
there is an eerie orange glow at the horizon. 

It is so quick! Already we have seen the Bally’s beads. 
They came just before totality. The last rays of the sun, 
shining through the jogged valleys along the edge of the 
moon, were a few dasr.ling spots of light at the rim of a 
black disc. Just for an instant; then they were gone. 

Now the sun is completely hidden. All that is left is the 
corona, irregular in shape, glowing in the heavens. Its arms 
reach off one, two, even six million, miles into space. TVe see 
it first as a small circlet of soft light. Turn the field-glasses 
on it, and arching over the sun's north and south poles we 
see intensified lines of light—polar brushes—following the 
lines of the sun's tremendous magnetic force. 

With the glasses scan the edge of the moon—quickly, for 
time is short. There are red and orange jets along the curve, 
lacing into the inner corona. The prominenees! They fade 
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suddenly. The corona is gone. The crescent sun is shining 
again on the other limb of the moon. Totality is over, 

Did we forget to look on the ground for the strange* 
flickering shadow-bands—weird atmospheric effects that 
are so hard to photograph? And did we overlook the sun’s 
crescent image* projected a thousand times on the ground 
and the sides of houses by space between the leaves of trees ? 
They are pinhole images similar to those formed by a simple 
camera. Did we miss seeing the “flash spectrum*’ with a 
direct-vision spectroscope? The ordinary spectrum van¬ 
ished, for a split second* and what had formerly Ix^eti dark 
lines stood out in sharp color. It will be a long time liefc>i\» wc 
have another chance to see these things* unless wc travel fur. 

Perhaps, with our attention focused too long on the 
prominences, we may have missed the diamond ring. That 
came when the outer corona was blotted out, just before the 
reappearance of the sun, and while the inner corona was 
still visible. As the first speck of the sun returned to view, 
irradiation made it seem larger than it really was. The 
resultant effect was the formation of a diamond ring* with 
the speck of the sun as. the diamond and the inner corona 
os the ring. 

We would have had less to worry about, and far less to 
see* bad wc seen the eclipse simply as a partial one. For 
then it would have been a case of watching the moon move 
across the face of the sun, never reaching a point where it 
covered it completely. Just about all the amateur can do 
during a partial eclipse is to time first contact, the instant 
the moon first nicks the sun’s edge, and last contact, when 
the moon leaves the disc. At intervals be can estimate the 
percentage of the surface covered, measure the drop in 
temperature, watch the crescents projected by spaces 
between leaves, and take photographs. The spectacle does 
not compare with that of a total eclipse but, as if in compen¬ 
sation, partial eclipses may be seen much more frequently. 
Any solar eclipse in which the center of the moon passes 
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over the center of the sun U known as a central eclipse, and 
only when the eclipse is central can it be total. It could, 
however, be central and still not be total, for i| the moon 
were so far from the earth at the time that it did Dot appear 
as big as the sun. it would not cover the latter completely. 
At the moment of maximum eclipse, there would be a ring 
of sunlight surrounding the moon's disc, and no corona 
would be visible, nor would the darkness of the heavens 
approach that during a total eclipse. This phenomenon is 
known as an annular’* or *'risg” eclipse, and while it is a 
striking spectacle, the practical observations for the amateur 
are substantially the same as those during a partial eclipse. 

TVhen the phenomenon is total, of course, he can do these 
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same thingn and more. A total eclipse has two more “con¬ 
tacts'* than has a partial one—second contact being when 
totality begins* third when it ends. The amateur can count 
and identify the stars that become visible^ he should note 
the shape* positioD, and number of prominences* the outline 
and color of the corona, the number of B ally’s beadsj the 
width, speed, and direction of the shadow-bands. And 
always there is the possibility of a comet (otherwise invisi¬ 
ble)* appearing as the sky is darkened. The loss of light in 
the sky, incidentally, can be recorded with so simple sm 
instrument as a photographer’s photometer. 

Thus the sun, which is visible every day and therefore 
offers the possibilities of observing its varying seasonal 
position, and which provides opportunities for daily tele¬ 
scopic observation, offers too one of the greatest spectacles 
that loan can ever witness. 
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M ore excitement bea been CAiued by comcta than by 
any oUier objeeta that appear in the iky. Battles 
have been stopped in nud*career, prodamationa have been 
issued, whole populations have been throem into a panic, 
kings have abdicated from their thrones, men have died of 
fear. Comets were considered for centuries as omens of death 
and destruction. People actually wore charms againatthem. 

But all thb is no wonder when you consider some of the 
spectacular comets that have been seen. There was one in 
$44 B.C. that was likened to a flaming torch; in 146 B.C. 
one was as bright as the sun. In $30 A.D. a comet reached 
from horison to senith. The second comet to appear in 1811 
possessed a head nearly 1,000,000 miles in diameter, a tail 
130,000,000 miles in length. The comet of 1744 had six 
tails in a great fan, and the Great Comet of 184S had a tail 
200 , 000,000 miles in length. 

It is not only their spectacular appearance that attracts 
attention, but also their frequent occurrence. At least 15 
to 20 comets per century are visible to the casual observer, 
and, on an average, four w<m<lrous ones appear every 100 
years. In a lifetime one may see several great comets and 
perhaps a dozen others if he makes any effort to find them. 
In fact, sometimes as many as five come into telescopic 
view in one year, and often one of these is visible to the 
unaided eye. Many have been as brilliant as Venus and a 
few bright enough to be seen in the daytime. 
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PdlMr*! Coact of )W6> diicovered And pliotoguphed by amAteur tilroaomcr 
L, C. PalUtf, of Delphoo, Ohio. Tb« ulrosoralc^ worM b Indebted to cuch 
^McrvATi who ladefati^bly aeta the heavAiM. 

Amateur aatronomera find real enjoyment in keeping 
watch for comets^ occaaionally even diacovering them and 
following them aa long aa they can be seen. The finding of a 
comet ia a certain road to fame, for comets are named after 
their diacoverera. Find a comet, and you have made your 
place in astronomical history. Pons found 27; Mesaier, 
Swift. Barnard, Brooks, Perrine, and Giacobini have each 
found 11 to 20 comets. In July of ld37 Finsler'a Comet 
attracted wide attention. In I9S6 amateur astronomer 
Peltier found his fourth comet, in 1939 hia fifth. Although 
professional astronomers with their telescopes are better 
equipped for comet discoveries, the amateurs with more 
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time for comet-sweeping*’ liave a surprizing total to their 
credit. 

Of course, most comet-discoverers have used telescopes, 
yet three railroad workmen in Africa were the first to see 
and report the great Daylight Comet of 1910, Surely there 
is nothing to equal the great satisfaction of being the first to 
see one of these visitors from outer space, but it is also inter¬ 
esting to keep track of comets once they have been found. 

Alnioat every month of the year there is some comet 
within reach of a telescope. Although the number per year 
may be small, perhaps three, some comets con be followed 
for 2 months or more. The Handbook of the British Astro- 
ncmical Associaiion annually lists search epbemerides for 
all comets scheduled to return during the year. The 
Harvard College Observatory Announcemsnt Cards publish 
the positions for all comets. Shy and Tslsscops usudly has 
current news on observable comets. An authority on comets 
writes the monthly “Comet Notes” in Popular Astronomy. 
Almost every year a comet assumes naked-eye brilliance, 
and usually before this happens considerable publicity 
has been given it so that even the newspapers carry direc- 
Uons for finding it. 

About every 26 years on the average, one of the spec¬ 
tacular comets returns. These cause so much excitement 
that it is hard to escape notice of them. The Great Comet of 
1811 attracted so much attention that a vintage of wine was 
named for it. It was so huge and so threatening that it was 
rumored among superstitious people that it might have 
caused the Great Lakes of America and the fiords of Norway 
on some previous visit. Of course these geographic features 
were caused by other agents. 

Most comets do return again and again. Many of them 
are regular members of the solar system and move in definite 
paths which focus around the sun. Some, with small orbits, 
return frequently. Encke’s Comet, with its nearly circular 
path, returns every Si years. On the other hand, Halley’s 

[119] 


* NEW HANDBOOX OF THE HEAVENS * 



HALLBY'S COVET 

MM pf Um UffMt of tb« otk»d*(iyo Mra«U» b»d o propwli^'^oUy l&rf« 
oudoui, ftj ibowtt iA this pbolosriipb. iMt Me& Id 1910 , tbii comet will not 
r«tun to tbs MrtL nfiua until lOM, FcmfW, Oittmtoria At* 

fmoimop, CA’dobo. Arstniina.) 

Comet moves io such a large and elongated ellipse that it 
averages about 76 ^eara before coming back near the 
aun, When a comet reaches its nearest point to the 9un> 
perihelion, it then starts out upon a joume}’ that may carry 
it far beyond the most distant planet. Some 50 comets are 
known to have periods less than 100 years, while the comet 
of 1811 may take SOOO years to return, and Comet 1864 
II, is estimated to require over 2,000,000 years to cover the 
vast extent of Its orbit! 


[120] 






• THB COMETS * 


Some of the greater comets seem to appear from the 
depths of space, moke OQe circuit of the sua on hairpin 
curves, then travel away again along almost straight paths 
for centuries, perhaps never to return again. Parabolic 
orbits have been ascribed to many o! these for which but 
one perihelion visit has been recorded in thousands of years. 
Other famous comets appear to have traveled in toward 
perihelion on the spreading arc of a hyperbola, a slightly 
<lilferent form of curve. It has been suggested that such 
comets as these move in a great open curve, only a small 
part of which pusses through the solar system, and that 
they may not belong to the system at all. 'Where these 
comets come from and whence they are bound no one can 
say. They are not like the short-period comets with the 
latter's elliptical paths that are obvious membei;s of the 
solar system. 

Certainly our understanding is limited by our lack of 
knowledge of these celestial visitors. Were our life span 
longer, or even man's historic stay upon this planet of a 
greater period, then we might have other records of the 
comets which we now Imagine to have made but one visit 
to our star. In fact, recent studies have taken many comet 
paths from the parabolic and hyperbolic group (which would 
indicate that they are not members of the solar system) and 
added them to the elliptical one. No doubt many more of 
the exceptional comet paths will be established as ellipses 
as the years go on, for many comets that we once considered 
visitors from elsewhere have proved to be regular members 
of the system. 

And right here is the important leaaon for the rigorous 
nightly observation of comets, and the year-by-yesr check 
of comet paths. For only by the most exhaustive study of 
each comet that comes our way shall we be able to under¬ 
stand the true relation of these wandering visitors to the 
sun and the solar family. The amateur can make substantial 
contributions to comet fact and theory by doing his part in 
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^ night patrol. Day-by-day charts of the comet's position, 
its changing place among the stars, sketches and measure¬ 
ments of head and tail, and photographs are important. 

Even though some comets are accredited members of the 
s^ar family they have many characteristics that are quite 
different from other members of the group. Their forms are 
irreguiar and changing, while planets are constant. Comets 
shine partly by their own light and partly by reflected 
sunlight, while planets are illuminated only by sunlight. 
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The orbits of most periodic comets &re greatly elongated, 
while tlie planets move in almost perfect circles. Comets 
may come from any direction and any angle to go round 
the sun, while the major planets all move in nearly the 
same plane in space> and go around the sun in the same 
direction. 

Each of these differences has its effect on the appearance 
of the comet as we see it in the sky. ITsually, when the 
comet first appears it is a hazy patch, with no wellnfeAned 
feature cxce)>t the head or coma. Coma is the Latin woixl 
fur haxTt und comebt in both early and late stagcK corre- 
s]K)nc] well to the name. Hie coma of a comet h the roundish 
ncbuloan region. Tlic head region includes not only the 
coma, sheaths, and envelopes but also the nucleus if present. 
The heads have been observed to be S0,000 to 1,000,000 
miles in diameter. 

As the comet comes within about 2^0,000.000 miles of 
the aun, it seems to undergo some excitation. It suffers the 
first of sometimes endless and startling changes. The coma 
brightens, and in most comets a brilliant nucleus appears 
within it. Then the coma expands, and its material often 
streams back away from the sun to form a tail. Probably it 
is the radiation pressure of the sun that drives the coma 
material back. There are comets that never go through these 
changes under our observation and never show more than a 
fussy head. There are others, though, that produce jets and 
Ktreamem from the coma and throw off sheath after sheath 
from the head. Sometimes tlie head seems surrounded by 
luminous envelopes. Coggia's Comet displayed magnificent 
envelopes. The light from a comet^s nucleus is refiected sun¬ 
light, whereas the coma and tail are probably sunlight 
absorbed and then re-emitted by gaseous molecules. 

In certain comets the changes have followed in great 
numbers and with amazing npidity. Donati’s Comet, for 
instance, threw off seven envelopes in just a few days. 
Tebbutt’s Comet of 18fil shed 11 envelopes in 2 weeks. 
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Morehouse's Comet in 1908 is the comet most famous for 
the changes in its coma and tail. It seemed to require but 
a few hours to release huge clouds of material. 

Not all comets have nuclei, but a great many of them do. 
Sometimes the comet's nucleus is less than 100 miles w(de» 
but the one of 188S was 50,000 miles in diameter. Most 
nuclei appear as a single brilliant star-like center (o the 
head, but in the comet of 1883 there were six or eight 
knots" of luminous material. Very often the nucleus ap¬ 
pears to contract and grow brighter just before the appear¬ 
ance of envelopes. This change was noted in Donati’s Comet 
some 4 to 7 days before the sheaths appeared and In More¬ 
house's but a few hours preceding. Here is where the ama¬ 
teur can render his greatest service— in keeping records 
of ail changes that may come from hour to hour and day to 
day. 

Normally, then, a comet first appears with only the coma 

U*4] 




* THE OOUETB * 


in view. Within this hy careful observation one may fre> 
quently but not always be able to discover a nucleus. 
Watching the nucleus be Eoay find variations in its bright¬ 
ness and its ske. These may be warnings of even greater 
changes to come. A few hours or a few days thereafter 
nebulosity may develop; tenuous envelopes may appear to 
issue from the coma and then drift back to form the tail. 

The tail is by far the most spectacular of the comet's 
features. It may be millions of miles in length and extend 
over a larger area than any other celestisJ body except a 
super-giant star, a star cluster, or an entire galaxy. Comet 
1861 II possessed a tail 24,000.000 mQes In length, stretch¬ 
ing 106^ across the s3cy. I)onati*s Comet had a tail nearly 
twice that length, and the Great Comet of 1848 possessed a 
tail (as mentioned before) of nearly 200,000,000 miles. In 
1882 the Great Comet of that year had a tail only second to 
that of 1848. 

The tails of comets are curious phenomena Often the 
brighter stars visible to the naked eye have been mentioned 
as visible through a comet. On one photographic plate 
Van Biesbroeck counted 7$ stars of twelfth and thirteenth 
magnitude visible through the tail of the Pons-Winnecke 
Comet. Comets must be extremely tenuous in nature and, 
despite their tremendous siae, not massive at all. Probably 
the heads of comets are loose meteoric particles, the outer 
regions of which are whirled out by excitation, forced back 
by radiation pressure of the sun, and dissipated into micro¬ 
scopic fragments to form the tail. Scattered over a tre¬ 
mendous area the tiny particles hang perhaps a mile apart, 
so that a Cornells tail is almost a vacuum, more tenuous 
th an the air. It has been suggested that the carbonised and 
ultra-rarefied gases that comets contain and the tiny par¬ 
ticles that compose the are probably illuminated by 
the shock of electrons from the sun. The tails themselves 
may actvmliy be hollow cylinders, the envelopes trailing 
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back like a sbephcrd's hors, and the taJl^material is lost 
to the comet forever. 

Tails of comets have assumed the greatest variety of 
forma. Some are short aad stubby aad some, as already 
suggested, unbelievably long. The great comet of 1744, Dc 
Ch4seaux’a, bad six tails visible to the naked eye; Borelly's 
of lOOS had nine tails barely distinguishable on the photo* 
graphic plate. Four well-defined tails followed the comet of 
1861, enclosing within them aome 23 separate rays. In 1823 
a comet had two tails separated by 160^. 

Strangely enough the tails, although they follow the 
comets on their sunward }ourney, wheel about at perihelion 
“the closest approach to the sun—so that a line from the 
sun to the comet runs almost through the tail. Then, how¬ 
ever, the tail seems to gain on the comet and after peri¬ 
helion, leads as the comet leaves the sun and starts toward 
outer regions. There is a slight lag, so the tail is seldom 
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exactly on a straight line from sun to comet head except 
when far away from the sun. As the comet approaxhes the 
sun, the tail is a little behind the straight line; ns the comet 
leaves, it is still behind this radius vector—although now it 
begins to precede tlic comet head. 

Once in a while comets come extremely close to the earth 
or the sun. In 10^0, Newton^s Comet went within the very 
corona of the sun, 147,000 miles from the sur^ice. In 1882 
a great comet went tlircctly between the earth and the sun 
in transit- I'he earth, on the other hand, went right tljrough 
the tail of Tebbutt's Comet on June 30, 18«1. Observers 
on the watch for any strange sight, as our planet passed 
through the comet's tail, reported a peculiar glow in the 
sky Idee a faint phosphorescence. And again* on May 19, 
1910, the earth passed right through the outer regions of 
the tail of Halley's Comet. Knowing this, a number of 
astronomers made careful observations and measurements 
throughout the night. On this occasion they saw nothing, 
heard nothing, measured nothing, felt nothing to indicate 
the presence of the comet. 

Evidently a comet’s tail con do the earth no harm- The 
solid meteoric particles of a comet’s bead might produce a 
minor earthquake or actually dig a great hole if it should 
strike the surface of the planet, or a '‘tidal wave” if it 
struck the sea. It is thought that the huge meteor crater in 
Arizona was caused by an encounter with a small comet, the 
nucleus (of separate fragments) being 400 feet across. 

Comet*observing is, in the main, of two types. First is 
comet'Seeking, a deliberate attempt of the telescope'Uaer 
to discover new comets. No one knows when a new one may 
appear in the sky, even a great comet. Many hours are 
wasted without results; nevertheless, many comets have 
been discovered by patient comet-bunting. 

For comet-seeking, small areas of the sky are examined 
with utmost care, noting and checking on every star cluster, 
nebula, and hazy object. The greatest chance of finding 
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one lies near the ecliptic, and in the evening sky after 
sunset, and also in the morning sky before sunrise. An 
aperture of 4 to 10 inches is preferable, with magniBcation 
of about SO diameters, and a fairly wide field. Examine the 
sky minutely, studying every suspicious object, inasmuch 
as some of the faintest visual comets discovered were first 
but a stain” on the background of the sky. Great ob¬ 
servers advise that it is better to examine a small region 
closely than a larger area hurriedly. 

When a comet first appears it looks like a hazy patch of 
light. At first glance one could take it for a star cluster or a 
nebula. That is the time to get out an atlas and compare 
the new object's position with that of known objects on the 
chart. Any star atlas, like Norton or Schurig, will include 
the clusters and nebulae down to about ninth magnitude, 
and for advanced work Dryer’s iVsw Oenerai Cataloffug 
together with the Indtx Catalogue is really the last word. 
If your suspicious patch of light is not on any of the star 
fields, the chances are that you have found a comet. 

Careful observation for another night and accurate study 
of its position each time will help to eliminate doubt. Plot 
its location with extreme care and estimate its magnitude 
by comparison with some neighboring cluster. If the sup¬ 
posed comet has shifted its position you need doubt no 
longer. If there is an observatory near where you live, or 
some person who is especially interested in comets, you 
might take one added precaution. The staff at the observa¬ 
tory might know whether the comet is a new one as yet 
unknown, or an old one returning and already under ob¬ 
servation. If the comet should be unknown to them, waste 
no more time. Send a telegram to Harvard College Observa¬ 
tory, describing its location and brightness, and claim credit 
for the discovery of a comet. 

The second type of comet-observing is the picking up of 
comets already discovered. Here the comets can be found 
without delay, if the sky conditions are suitable and if the 
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ma^tude of the comet be within the power of the instru¬ 
ment. The principal tool needed besides the telescope is an 
epheroeris. giving positions of the object at definite times. 
When the comet's magnitude is 5 or brighter, the positions 
may be plotted at once on a star chart of visible stars, and 
it can then be located with ease. For fainter comets, proceed 
just as in the case of finding asteroids (as described in the 
asteroid chapter). 

Because of the very nature of comets, they seem brighter 
to the unaided eye than in the glass and appear less diffused 
than in binoculars and telescopes, for the same amount of 
light intensity is spread over a leaser area. Sometimes, 
therefore, naked-eye observations are surprisingly satis¬ 
factory, and binoculars are adequate to detect the nucleus, 
head, and straggling tails of most comets. With the tele¬ 
scope, it is usually best to use low powers and wide field. The 
greater the light-gathering power, the more details observ¬ 
able in the coma, tail, and faint envelopes. Just as one can 
see more stars in a 10-inch than in a S-inch telescope, so 
one finds more light in comet images when he uses greater 
aperture. 

There are really many things that one can observe when a 
comet appears: its position day by day, brightness, shape, 
sise of head, nucleus, appearance of coma, number of 
envelopes, changes in the tail, number of tails, color, any 
features unique for that comet, and change of velocity as 
it approaches and then leaves the vicinity of the sun. 

Ctften when a comet is first observed its passage is a very 
slow and serene one. It takes careful observation to detect 
any change in its location from night to night. As the comet 
approaches perihelion its rate of travel increases. Just as the 
earth moves most rapidly when nearest to the sun, and the 
moon most swiftly when nearest to the earth, so comets, 
folbwing the same laws of gravitation, speed up as they 
come close to the sun. 

Any comet that is brilliant and s^tacular is commonly 
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known hj the name of its discoverer. It always bears an* 
other name, too, to indicate the comet’s place in order of 
discovery for the year or the time of its perihelion passage 
among all the comets of that year. Thus Donati’s Comet in 
1858 is also called Comet 1S5S f for the order of its dis¬ 
covery, and Comet 1858 VI for the order of its perihelion 
passage. There are also Di Vico’s (1846 IV), Coggia’s 
(1874 III), Swift’s (18991), Kopff’s (1906IV), and numer¬ 
ous others. 

Occasionally there comes a comet like Morcliuusu’s of 
1908, which changed so rapidly from night to night that 
one could hardly imagine it the same object. Now nnd t]i(»n 
a comet like the Great Comet of 1682 will arrive, wlucli was 
visible for 9 months and was known to transit the sun. Once 
in a while we may see another like the Great Comet of 1861 
which threw off 11 envelopes from its tail. Surely there will 
be others visible in the daytime and about four times a 
century one brilliant enough to attract observers all over 
the world. 

There may be another like Biela’s which split In two be¬ 
fore the eyes of an observer in 1845. Seven years later the 
twin sections returned still farther apart but still traveling 
in the old orbit. Then, when the next approach was eagerly 
anticipated, the comet could not be found at all. In its 
place, however, appeared a shower of meteors. Since that 
time other meteoric showers have been associated with the 
periods and orbits of old comets which have disappeared. 

There are the cases of Tempel’s Comet of 1866 and the 
Leonids of November, Tuttle’s Comet of 1862 and the 
Perseids of August, Biela’s Comet and the Andromedes of 
November. It would appear that comets do represent an 
aggregate of meteoric materials which, disintegrating, often 
give rise to a periodic shower of shooting stars. 
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XLe Meteors 


T iiHouoiJoirr interplanetary apiicc there are countless 
pieces of atone, and iron, moat of them wliwlintj about 
the sun in long elliptical paths and some apparently sweep¬ 
ing into the solar system from the depths of interstellar 
spice. On an average, they are no bigger than a few grains 
of sand, but there are those that arc immense and weigh 
tons. 

More than 100,000,000 of them bombard the earth every 
day, pouring down on the atmosphere in a constant stream, 
and were it not for our surrounding blanket of air they 
would pepper the ground in a ceaseless barrage. As it is, 
these meteors, as they are called, are vaporised or burned 
to a fine ash by heat resulting from/ndion vnth the air and 
settle imperceptibly through the atmosphere to add them¬ 
selves to the vast bulk of the earth. We see them usually 
for only a brief instant, when the heat has vaporized their 
surfaces into gaseous light-emitting envelopes that appear 
much larger and more brilliant than the original object. 
Almost immediately, after that fleeting glimpse, the average 
meteor is gone and we have seen a *'shooting star’*. 

But we see only a few, perhaps a half-dozen per hour in 
an ordinary night’s watching by one person. The rest are 
never known because they fall over the oceans and deserts 
and other uninhabited areas that take up so much of the 
earth's surface. Or because they come in the daytime, or 
are hidden by clouds, and so escape notice. Only the brighter 
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ones are visible to the unaided eye, ol course, and one 
observer in one locaUon will see only a small portion of 
those striking the earth at any one time—which are addi¬ 
tional factors accounting for the comparatively small 
number seen. 

Occasionally one is bright enough to be seen in the day¬ 
time, and may even explode somewhere in its path. Such an 
appearance aa this, whether it comes dunng the night or 
day, is usually called a £re-ball, and in fact any ** shooting 
star*’ that ranges in brightness from that of Jupiter or 
Venus to something many times larger and brighter than 
the full moon is classified generally as a fire-ball. The term 
"bolide** usually indicates an exploding meteor. The 
phenomenon is termed simply a meteor if the brightness 
ranges from the lower Limit of naked-eye visibiUty up to 
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that of Jupiter and Venua. Fainter osea, streaming across 
the telescopic field* are known as telescopic meteors. Should 
any fragments of either a meteor or a fire>ball reach the 
earth, the name changes again and they are known as 
meteorites. 

Billions of these meteors appear to travel together in 
space along orbits that, in a number of cases, have been 
identified with the orbits of certain comets. The comets 
either may or may not still exist, but there is evidence 
that the meteors of these groups are simply the remnants 
* of comets which have disintegrated or are now in the process 
of breaking up and that the scattered comet-material thus 
formed is distributed about the comet's orbit. 

At any rate, when the earth, as it frequently does, cuts 
into the orbit of one of these meteor swarms, thousands of 
the tiny objects are pulled down into the atmosphere within 
a short space of time, resulting in what astronomers call a 
meteor shower. The most famous example In modern Umes 
is that shower which, in November, 183$, shot so many 
meteors through the heavens that 250,000 were counted at 
one station between midnight and dawn. 

When the paths of the shooting stars in such a display 
are marked on a star map and traced backward, nearly all 
seem to emanate from the same section of the sky. The 
shower takes its name, usually, from the constellation in or 
near which this radiant point'* seems to He, and the 
swarm of 1833. which apparently diveiged from the con¬ 
stellation of Leo, is known as the Leonid shower. 

This radiation effect, by which the meteors of a shower 
seem to emanate from a point, is only an optical Illusion, an 
apparent radiation that has no connection whatever with 
the stars that lie about it. The meteors appear in the atmos¬ 
phere at heights that average from 60 to 80 miles, while the 
stars are triiliona of miles away from us. The impression 
that there is a radiant, then, is the effect we obtain when we 
view these meteors traveling toward us in parallel paths. 
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Just as, when we stand between railroad tracks and look off 
in the distance, the tracks seem to come together, so do 
these parallel meteor paths, traced backward, seem to come 
together in a radiant point. 

In the case of the Leonids, and they are fairly typical, 
there is an unusual display of shooting stars every year in 
November, which occurs as the earth travels through the 
portion of its orbit that intersects the path of the meteor 
group. But every 38 years the main body of the meteors is 
at the intersection and a major shower occurs. The meteors, 
obviously, are not distributed evenly along their orbit, and 
even the main swarm may vary in its date of appearance 
because of changes induced in its path by the gravitational 
attraction of other planets. The Leonids, for instance, have 
failed in their last two “major*' appearances to produce 
anything remotely resembling the hue spectacles of 1883 
and 1866, even though the showers of 1931 and 1932 pro¬ 
duced results far beyond the annual average for “ off years 
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The other meteor shower*, similar in nature to the above, 
have never, within recorded history of such events, pro¬ 
duced such celestial shows as have the Leonids, but there 
are a number that offer annual spectacles during which the 
observer may set several hundred meteors in the course of a 
night. Perhaps the richest and moat consistent of these is 
the Pepscid swarni which appi>ars to visit the earth, during 
a full month, from July 15 onwap<l. Tt reach« its peak about 
August 10 to I when perhaps 50 to 100 meteors an hour 
may be seen after midnight, apparently emanating from 
the constellation of Perst^us. 

But wc don’t have to wait for meteor showers to watcli 
these visitors from interplanetaiy—cmd intt^rstellar—space 
flash across our skies. They are constuntly arriving, and an 
hour’s watch on the sky will almost always result in seeing 
a few. The latter half of the year, /pom July onward, seems 
to be the best time to look for them, for during that time 
the average number of meteors visible (10 to 15 an hour 
near midnight) is nearly double the average number per 
observer per hour of the*first 6 months (5 to H an hour near 
midnight). And in addition, an observer will see twice as 
many shooting sUrs from midnight to 0 a.m. as be will from 
6 p.ns. to midnight. 

The latter fact is easily explained, for in the evening we 
are on the rear of the earth as it speeds in its orbit around 
the sun. But in the morning, we have been spun around so 
that we are on the front, or advancing half, of the planet. 
Meteors we see in the evening have to catch up with us, but 
those we see in the morning we meet bead on. There are 
not only more of these, then, but when they are in the 
atmosphere they are traveling much faster than those of 
the evening skies. And since velocity is an important factor 
in determining the brightness of a meteor, those seen in 
the morning will naturally be brighter than the ones seen 
earlier in the night. 

In the atmosphere, the speeds of meteors range from 9 to 
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49 miles per second, and what happens at thiA speed happens 
in an instant. The friction of the air with moving objects 
within our normal experience has little effect other than to 
reduce speed. But at the velocity of a meteor it is sufficient 
to raise the surface temperature of the object to white 
heat. The brilliance of the tiny objects is explained by the 
fact that the surface Is vaporiaed, forming a luminous guac* 
ous envelope which stands out against Uxt dark sky. Since 
meteors are usually small, most of them are burnt out miles 
above the ground. 

Most meteors disappear at an altitude of 49 miles, having 
first become visible at from 90 to 80 miles (30 to 100 miles 
for fire-balls). This is true even if the object has not been 
burned away, for the air retards its speed steadily so that 
if the meteor is large enough to reach the earth it does so, 
usually, with merely the speed of an object falling freely 
from a considerable height. It probably will sot be glowing 
as it drops to the ground, and it may even be cool to the 
touch immediately afterward—because the friction-gen¬ 
erated heat affects only a thin layer of the outer surface 
which can cool rapidly. The interior of the stone is deadly 
cold, and there is not time for the subsurface layers to 
become hot. 

Because a meteor ceases to be visible at an average 
height of 40 miles, it is unlikely that you will ever see a 
darning stone crash to the earth a short distance away. You 
may think it has done so, but more probably it will have 
simply vanished below the horizon—not into the soil. 

Amateurs can be of considerable assistance to the science 
of astronomy in recording their observations of meteors, 
even should the records they make be only of an occasional 
but unususJ meteor; for some other amateur, in some other 
location, may have seen the same object. By putting the 
two reports together scientists can tell a good deal about 
the phenomenon. 

One of the best and most valuable methods of observation 
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is that in which two observers take up positions miles apart 
and watch the same section of the sky. Adequate observa¬ 
tions from two such separated points will enable astrono¬ 
mers to compute the height and path of meteors seen by 
both persons. The work, naturally, presupposes a good 
knowledge of the constellations. 

The two observers should be stationed not less than 20 
miles apart, to provide a good base-line for computations. 

Nor should they be more ^an 100 miles distant from each 
other; Dr. Charles P. Olivier, one of the world’s foremost 
authorities on meteoric astronomy, recommends a base-line 
of from 40 to dO miles. The necessary equipment consists of 
an accurate timepiece and a celestial globe or a good set of 
star charts- A ruler will prove very useful. 

What is most desired in such observations is the path of 
the meteor across the heavens, timed os accurately as possi- ' 

b)e to the hour, minute, and, ii practicable, the second. 

The ruler, held at arm’s length, will help in trying to fix 
exactly the path of the meteor among the stars after ft has 
vanished. 

It is of great importance to determine os exactly os possi¬ 
ble the point at which the meteor was first seen and the 
point at which it disappeared. This can be done, of course, 
in relation to the stars near which it passed, and the ter- \ 

minal points of the path indicated in distance (in degrees) ’ 

from or between certain stars or star configurations. It will 
always prove easier to determine the end of the path than 
the loginning, since the sudden appearance of a meteor at 
any particular point is unpredictable. i 

To make the observations of the greatest possible value, 
the meteor paths should be marked accurately on a star ; 

chart, together with an arrow Indicating direction of flight, J 

and the paths should be numbered. With this record should 
be kept a tabulation, giving the number of the meteor on ^ 

the chart, the points near which it began and ended, its 
direction, brightness, color, speed (fast, medium, or slow), 
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And commenta concerning any train it might have left in 
its wake and how long it lasted, together with remarks 
about any other unusual characteristic the meteor may 
have displayed, such as an explosion or other sounds. It is 
more than worth while, too, for the observer to note sky 
conditions at the time, together with a candid statement as 
to how accurately he feels he has made his observations. 

But this is far from the only way in which the amateur 
may make useful records for the professional, even though 
it is perhaps the most difRcult and exacting method. Ob¬ 
servations made by one or two persons working together 
and simply charting the paths of the meteors of a particular 
shower or of an evening are valuable in helping to study 
radiants. Not all meteor radiants remain in one fixed posi¬ 
tion among the stars, and research on the slight shifts 
occurring in that of a particular shower may reveal ex¬ 
tremely interesting facts about meteor distribution. 

In working to determine the radiant of a meteor display, 
the precise direction of the paths of meteors in the swarm 
is needed above everything else. A slight error in indicating 
the beginning and ending points in the meteor paths will 
not alter the determination of the radiant, but the paths 
should be charted accurately, and with an arrow-head 
indicating the direction of fall. 

The whole process, including a tabulation containing the 
material listed above, can be run through for each meteor, 
experts find, in about a minute. 

If all this seems too much, or beyond your knowledge of 
the constellatioDS (which such work will inevitably im¬ 
prove, by the way), then you can still be of help to science. 
For merely counting the number of meteors seen per hour 
is of value in aiding the determination of the density of the 
meteor stream. Better work might be done perhaps by 
counting the number seen at 5-minute intervals over a 
considerable period of time. 

It will always prove of value to observe as carefully as 
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possible the trains Ult by brilliacLt meteors. Estimates of 
the brilliance, colors^ duration, direction, width, and drift 
through the air can be made. And field-glasses or binoculars 
will enable the watcher to follow the train for an appreciable 
length of time after it has become invisible to the naked 
eye. The train, also known as the *' afterglow is a luminous 
trail in the path of the meteor, generally presumed to be an 
electrical phenomenon resulting from ionization of the air 
through which the burning body has passed. 

When a rare daylight meteor blasts into view, fix its 
path as accurately as possible in relation to near-by houses, 
poles, or trees, and mark the spot at which you are standing. 
Then measure the path later in altitude and azimuth, using 
a quadrant or protractor, and note any other details. Such 
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recor<is will help lb fifing the path of the meteor in the bIt. 
and perhaps, in apace. Don’t forget to include time, direc- 
tion, and an estimate of brightness, as usual. 

The American Meteor Society, with headquarters at the 
Flower Observatory, Upper Darby, Pa., supplies maps and 
charts to interested observers, and will in addition offer 
more detailed information upon request. Completed ob* 
servations may be sent to the sodety, where they will be 
studied carefully. For English observers, the meteor>observ- 
ing ><cctic>n of the British Astronomical Association (Lon> 
don) lakes meteor rcix>rts. 

Since meteors which actually reach the surface of the 
earth are the only celestial objects we can touch and 
analyse in laboratories, they htt important. They show 
elements similar to those ol the earth and furnish clues to 
the condition of outer space. In other words, they are well 
worth finding. 

So looking for meteorites is actually another field of 
observation—one that requires one's every*day powers of 
observation, rather than the watching of the heavens. 
Frequently amateurs find unusual pieces of stone which 
they take to be meteorites and excitedly proclaim as such. 
Be cautious and examine the object for certain character¬ 
istics before rushing to a labcmtory'-which is the only 
place where a final decision can be made. 

The first consideration should be to compare it with the 
rodu of the region. Often the supposed meteorite can be 
immediately eUminated on this basis. Iron meteorites, be* 
cause of their unusual weight, instantly distinguish them* 
selves; but don’t be fooled by a piece of slag or waste iron. 
Meteorites are deceptive because some are predominantly 
iron while others are largely stone, and a third type com¬ 
bines the two materials. Because the iron ones are easier 
to recognise they are most frequently found. But a bolide, 
exploding with a loud detonation, is apt to scatter dozens 
of stony fragments within a small area. 
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Meteorites usually bave a coating ou the surface which 
results from melting as they pass through the atmosphere. 
This coating> which is e>:tremely thin, has the appearance 
of a black crust or varnish, and is sometimes dull or grayish 
in color. The surfaces of moat meteorites, moreover, show 
cavities or pittings that result from unequal melting of 
the surface in that same passage through the air. Those 
cavities on the front (as the meteor traveled) are small 
and deep, while those on the rear are broad and shallow. 
Eventually the weathering effects of rain and wind cause 
the pits to become deeper and the crust to disappear with 
the formation of iron oxide, or rust. 

Often meteorites are found on the surface of the ground, 
or only partly buried, because they have lost so much of 
their velocity in passing through the air. But there are. of 
course, exceptional instances where they have buried them¬ 
selves deeply in the earth. 

MtUor Hkowtrn for the Year 

We give herewith a table of the principal meteor displays 
that are known to occur, more or les.n, each year. The leading 
ones, which arc quite doj>ondablc, are indicated with 
asterisks before the respective dates, Tlie others arc some¬ 
times conspicuous but are quite uncertain, so that the ob¬ 
server may or may not see many meteors. Aocoi’ding to 
Prof. C. P- Olivier, president of the American Meteor 
Society, the lesser-known (unstarred) meteor streams 
** probably exist, but there are hundreds of minor radiants, 
some doubtless detectable one year and not perhaps for 
several more. As a rule, an observer will not get such a 
radiant unless he observes all night . . . *’—or at least for 
several hours. Nevertheless, many meteors in the lesser- 
known showers have been observed. 

Our list of showers is based upon the most important ones 
in much longer lists by the famous English observer, W. F. 
Denning. The data as given for the nine main showers are 


[143] 


* NBW HAXDBOO£ OF THE HEAVENS * 

up-to-date, having been checked by Prof. Olivier (1945). 
Besides this, the data of the Meteor Observing Section of 
the British Astronomical Association are taken into con¬ 
sideration. The latter society would have us note three of 
the unstarred showers: the Pons-Winnecke meteors, the 
Taurids, and the Andromedes. In looking for the meteors, 
consider the late night of the days marked, together with 
the following morning hours. 


• DaU 

Meteor JUeAin 

lUdient 

RA. IW. 

• Hn. 1-4. 

(luodrentida 

K B * 

is 40 -HM 

Jan. 17. 

< Cy^ ai<!i 

ID 40 +08 

Fab. s-10. 

« Aurisidi 

i 0 +41 

Mm. 10-1«. 

f HoOtida 

14 84 +14 

•Apr. 10-SS. 

Lyrid*' 

IH 4 +88 

• M»y 1-e. 

Moy Aquaridi* 

44 10 - 4 

Mty n-s4. 

r Ncrculidj 

10 48 +41 

MAy SO.. 

•) Pe^iidf 

44 0 +48 

JgiM 4-17. 

o’Seorpiide 

10 48 -48 

Juse 87-M. 

Pc&^Winneeke iBOt4or(* 

18 14 +88 

July 14. 

o Cyenidi 

40 80 +47 

July IB-SO. 

A Copflceraidi^ 

10 18 -It 

July 40-Aug. 4. 

AnS PerodAi 

8 14 +48 

•July 44-81. 

i Aquorldi 

44 88 -11 

• Au|. 10-14. 

Parfiidi* 

8 8 +8H 

Au|. 10-40. 

< Cyfuida 

10 40 +84 

Au|. 41-48. 

« Drocoiiidi 

10 44 +0u 

Au|- 41-Sl. 

f Dreconlda 

17 48 +88 

Sept. 7-U. 

■ PcrMtidB 

4 4 +80 

8Bpt. K. 

a AurigiAft 

1 4 80 +44 

OcU4. 

OuoAriiBtida 

' 18 to +84 

•Oct S. 

. Glacobuudi* 

17 40 +88 

Oct. 14-48. 

• AriiUdi 

i 4H +41 

•Oct. 18-48. 

Orionldj^ 

0 8 +18 

Oct. 81-Ncv.«. 

Tioridi 

8 40 +18 

' Ncpv. 14-18. 

loo aids 

10 0 +44 

Nov. 48-L«c. 4. 

AndroxDeAe** 

1 40 +48 

•Doc. 10-18 . 

Groinid* 

7 94 +84 


< iUaoci4t«4 vitk U** vbK e( C«sel l»ei I. • AiMcbUd iritb t>t4 MbU «( C«b«l 
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• AaMcut«d the «rbit«( CmsK USl V. * S«<in br M. 

I AaMCtttd wHb Lb« orUt ol QiaeoWbl*aBwr) 1M4 lU. ibawen in tSM igid 1M4> 

' C«Blieu« •ab'I Ort. 91. 

• AJm «4U«d BidfdH lUa inpeMBBt iCtMB bk» b«ei "lAft" {b? rcnn. ha aanov atnu 

Wviof b«*B dJwtod by pkoaUry pcMiirb*UQBai biii tba BMaen any 
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TLe eroidi 


I K A great broad zona between the orbits of M&rd and 
Jupiter, and perpetually circling about the aunin giant 
ellipses, there are thousands of diminutive bodies^eacb a 
world by itself. These are the asteroids, known also as 
minor planets. 

The asteroids are likely barren worlds, without water, 
air, heat, or living things. Why no water? If there had been 
any, it would have evaporated into space; and there can be 
no atmosphere on these planets, for they are so diminutive 
that their gravity is far too small to hold it. The smallest 
asteroids visible are less than a mile through, as in the 
COSO of Adonis. Even on Ceres, the largest, a man weighing 
175 pounds on the earth would weigh only about 6 pounds! 
On still smaller ones the force of gravity is so weak that he 
would weigh but a fraction of an ounce and naturally would 
have considerable difficulty staying on the ground. 

The amount of heat and light received from the sun by 
asteroids is governed by distance from that source at the 
moment, and on the average varies between that received 
by hCars and that by Jupiter. The light and heat are not 
absorbed by clouds, as in the case of Venus and Jupiter, two 
cloud-covered worlds; and although some heat is received, 
there Is no atmosphere to hold it and keep It from radiating 
away, so that the temperature must be near the absolute 
sero of interplanetary space. It is scarcely conceivable that 
the asteroids can be the abode of any life. 
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Asteroids are forever beyond the range of the naked eye, 
with the exception that one of them can just be seen under 
most favorable conditions and at critical times. Yet it is not 
difficult to locate a few of them with low telescopic power—> 
even binoculars—and follow them, night after night, during 
an entire apparition or “season*’ of visibility. Usually at 
least one can be seen with field-glasses, and as the size of 
the glass is increased, a greater and greater number become 
available. 

The immense zone containing nearly all these numerous 
planets of the solar system is a great ring-shaped belt over 
$40,000,000 miles from the inner to the outer part of the 
ring. While the orbits of most of the asteroids are confined 
to this area, yet an occasional one is found that goes beyond 
the outermost boundary or within the innermost limit. 

Ceres, the first asteroid, was found in 1801; since that 
time one or more new ones have been discovered nearly 
every year, and often several during one year. The method of 
search for new ones is now exclusively photographic and 
is performed only with an equatorial mounting of telescope, 
with camera rigidly attached. In such a mounting, one of 
the axes is lined up with the earth’s axis, and the other is at 
right angles, so that with this arrangement a planet or 
star can be held relatively motionless in the field of 
view. 

The observer exposes a plate for an hour or two on a 
star field near the ecliptic; with extreme patience he holds 
the stars exactly at the same place every moment. The 
negative when developed gives a field of view of many 
stars, and if a minor planet be among them, it appears as 
a short streak among stellar points, the trail being produced 
by the apparent movement of the planet with respect to 
the background of remote stars. An alternate method is to 
give the plate on additional motion in accordance with 
the average hourly motion of the planets for that particular 
region of the sky. In this case, the asteroid has its light 
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accumuUted so that the image (now a point) is stronger 
than if a trail. This time, the stelJar images trail as in comet 
exposures, and a fainter asteroid sometimes be found 
this wa^. 

The first four asteroids discovered are sometimes called 
the Big Pour, as they are the largest and brightest. Ob> 
servers with even small telescopes can actually locate any 
of these four when In the night sky. Of the Big Four, Ceres, 
the giant among the planetoids, was discovered by Fiaszi 
in IBOl. Its diameter of 480 miles places it above all others 
in size. The <Ubedo is O.OG (that is, light received 

from the sun is reflected from the surface), and the average 
magnitude at opposition is 7.4. 

In 1802 Olbers found the second one, Pallas. It ranks next 
after Ceres, with diameter 304 miles! the albedo is 0.07 aad 
the opposition magnitude 8.0. Juno was third in 1804, and 
was discovered by Harding. Its diameter of 120 miles makes 
it the smallest of the Big Pour. The albedo is O.li and the 
magnitude at opposition 8.7. Olbers again, in 1607, found 
Vesta. Its diameter of 240 miles makes it larger than Juno, 
and the albedo is the highest of all, 0.26, so that it reflects 
the most light per unit area, and the average magnitude at 
opposition is 6.5. Vesta becomes considerably brighter than 
this (say 5.9) at a favorable opposition, however. 

It is remarkable that Vesta is so bright, for it is con¬ 
siderably smaller than Ceres and Pallas; apparently this 
asteroid has surface material lighter in tone than the 
others. Relatively few astronomers ever see Vesta with 
the naked eye, but it can be done during apparitions when 
the opposition magnitude is around 6. Juno at times is 
fainter than magnitude 9, and needs high-power binoculars 
or a 2-inch telescope. Always the magnitudes are con¬ 
tinually varying, on account of the relation of the asteroid 
to the sun and to us. 

Astronomically the magnitudes are important: first, they 
designate the brightness as seen by us and thus indicate 
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wbftt telescope aperture is needed. Second, they are a basis 
for determination of size of the minor planet. All but the 
largest are too small for direct .neasurement in the telescope. 
So a mean redecting power of surface is assumed, which 
may or may not be true, but which gives a working basis 
on which to proceed. Then from a knowledge of the orbit 
and the apparent brightness at opposition, the approximate 
diameter is computed. 

Actually, there Is an immense and unknown number of 
minor planets. The greatest number of known ones occurs in 
magnitudes IS and 14, of which there are about 400 each, 
this number decreasing toward the brighter and toward 
the fainter side. There are about 1000 asteroids whose 
orbital elements are su^ciently well known that positions 
in right ascension and declination are computed for each 
opposition, by various institutions assigned by the In> 
ternational Astronomical Union. These 1600 minor planets 
might be called the well-known asteroids. Besides these, it 
is estimated that 5000 have been observed at one time or 
other, many of which have been lost or have gone adrift, so 
to speak, as insufficient observations were secured at the 
time of appearance for a good set of data to be made, even 
by the best computers. Leuschner estimates there must be 
a total of some 50,000 of these spheroids in existence. The 
vast majority are probably but a mile (more or less) in 
diameter. 

Most of the features of asteroids are of special interest 
to workers in mathematical astronomy, because they con> 
cern orbital characteristics. Because we do not know much 
about the physical nature of the tiny bodies, our knowledge 
is mostly confined to their motions, and to what possible 
significance they may have in the evolution of the solar 
system. 

The orbits as a whole are much less uniform than those 
of major planets. The asteroid ^44 Hidalgo has a very excep¬ 
tional orbit. Eccentricity is a numerical relation defining 
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the shape of an ellipse. The nearer it approaches 1-00, the 
more elongated is the ellipse, and the more it departs from a 
circular form (whose eccentricity is zero). Hidalgo’s orbit 
has an eccentricity of 0.66, which is a very high value, mak¬ 
ing the orbit as elongated as that of a typical comet and 
more so than with some comets. Its greatest distance from 
the sun brings it out to a point beyond Saturn’s orbit— 
much beyond the asteroid zone. Yet some asteroids, like 
1177 Gonnessia (whose orbit has the eccentricity 0.0068) 
have orbits more nearly circular than that of Venus, the 
most circular of the major planets. 

Inclination is another of the important qualities of an 
orbit; this is the amount by which the plane of the asteroid’s 
orbit is tilted to the plane of the earth’s orbit, the latter 
(plane of the ecliptic) being used as a standard. Inclination 
of plane to the ecliptic plane is often higher in asteroids 
than with the major planets. The highest inclination of 
all is that of Hidalgo, being 4£*.6 to the ecliptic plane, while 
the lowest is that of 138$ Limburgia (0^.009), which is 
sensibly in the plane of the ecliptic. 

While it is true that ordinarily the asteroids stay for¬ 
ever out beyond Mars’ orbit, there are some that wander in 
toward the sun and so come much nearer the earth than the 
average asteroid. Our table (see Appendix) shows the most 
interesting data coocerniog the planets known to approach 
close to the earth. It will be noticed that they are all very 
small bodies. On account of their diminutive size and 
occasional nearness, they rush across the sky at such critical 
times with prodigious velocity, visibly changing position 
while under observation, with the result that they are 
discovered only by accident” during observation. 

Thus it was that Hermes approached so close to the earth 
in 1937. A little world no larger than a mountain, it was 
picked up photographically by German astronomers who 
were doing systematic observations on the other minor 
planets at the time. It may or may not ever be seen again, 

[149] 


AS ASTBJIOID 18 DISCOVEflSJ} 

Thl* ii •& enlvitnwnt of tbo Saeovwy plito of tha aateroid 1890 lUoeit. Tbo 
umora wu oxpoaad to tho nnouading aUn and adjuatod to follow them Ln thotr 
diurnal motion. The aatareld. onlj' 5 milea in diamater, moved amonf the atan 
and banco appeared aa a tnfl wl^ the aU» ramacnad a» pointa of ll^t. ISO 
Rioeia i» Use abort trail indioated hy tba arrow. The larval itar in the picture U 
7>ata Plidum, almert on the edlptio. Ila ma^^iUude la m that one can readily 
eee bow f^nt tha aateroid ia In eompanaon. and that it requirea a long expoaoro 
to record auch a planet on a plate. Photographed and diacovared by Prof. Karl 
Iteinmutb, of Heidalberg, Germany* tbe Mteroid waa naued for Hugh 8. Bice, 
co*author of tbia book. 


[150] 



* THE ASTETIOIDB * 


for observations of Hermes were so lew that the orbit in 
spaoe is not well known. 

Vesta is the minor planet superb, lor it is the brightest 
and most easily observed. Moreover, the ephemeris is the 
most extensive of all, and again, knowledge of the orbit 
has been bo perfected that the planet is found exceedingly 
near its computed place, often the difference between the 
observed and computed positions being 0*^.0 in right ascen- 
sion and O'.O in declination; or, as we suy, the planet hue 
“aero-zero’* residuals. The ephemeria of Vesta each year is 
computed for the entire calendar year, including the period 
of conjunction with the sun—the time of invisibility. 

Taking any of the Big Four asteroids, it is possible to 
begin observing any one of them at the start of an appari¬ 
tion and follow it to the end of visibility. Sometime after 
conjunction, the asteroid can be picked up near the eastern 
horizon before Kunrise. Then with the progress of the season, 
it can be found rising earlier and earlier each day until 
opposition time, when it is at the observer’s meridian at 
midnight. At this time it is retrograding. Its appearance 
continues like that of any other outer planet in this way, 
that it rises earlier each evening, until finally it is seen in 
the western sky after sunset, and gradually becomes lost 
near the next conjunction as the sun in ita eastward appar¬ 
ent motion among the stars overtakes it, inaugurating a new 
cycle. This same routine happens to all superior planets. 

In observing, one starts with an ephemeris of the as¬ 
teroid. This is a table of exact positions of the object for 
regular intervals of time, and the positions are given in 
coordinates of right ascension and declination. Professional 
ephemerides are published annually by the Cincinnati 
Observatory: these correspond to the ephemerides of 
planets as published in the Ammcan Ephemeris and Nauii^ 
cal Almanac of the U. S. Naval Observatory, the ^auHcal 
Almanac (London), and others. These positions are also 
given for the first four minor planets in the yearly Handbook 
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of Me BriHik Aatronfmical Aasocicdum. There are also a very 
few QionthJy periodicals—such as Popular Aattotwmy —'in 
which the positions are published for the asteroids easiest to 
see during the period covered. 

Half the entire work of picking up an asteroid (and 
similarly a comet) lies in plotting Its course from the 
ephemerts positions. The simplest method is to plot the 
apparent course, or else use a chart already made. A chart 
can be made which will cover one to several months* course, 
so that usually no further chart>work need be done for that 
particular apparition of the object, extending around the 
time of opposition of the planet to the sun, and occupying 
several months. 

The positions needed could be plotted at once on a star 
chart, if there were no precession of the equinoxes to cause a 
constant change of reference points. Any star atlas has 
fixed coordinates of right ascension and declination. This 
framework of coordinates is placed in position on the atlas 
according to the actual positions of the vernal equinox and 
celestial pole for a specified year. Obviously it cannot be 
changed to match the equinox of every epbemeris published, 
without a new edition of the atlas every year. While the 
change from year to year is very small, it is cumulative and 
throws an object out by several minutes of right ascension 
for a number of years of equinox change. The star charts 
and atlases have their equinoxes, or the relations of the 
right ascension and declination network to the constellation 
groups, placed to correspond with equinox positions of 
standard star catalogs. So you must invariably make a 
precession-allowance, a process which is shown by example 
in one of our appendices. 

Assume now that you are at the telescope and that you 
have a chart before you. If observing, you are commonly 
using the instrument on dates lying between the ones 
marked on the chart, as the probabilities are against your 
starting at precisely the day and hour of the marked posi- 
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tioas. Obviously the positiou where the asteroid should be 
at the moment of observation is somewhere along the 
apparent path or smooth curve drawn, the exact place 
being easily estimated according to the date and hour of 
observing. After having marked the predicted position by 
interpolating along the path, you are ready to observe. 

The telescope ideally would be in a really dark place 
open to the constellation containing the asteroid. Hold the 
chart near the telescope {using as dim a light as possible) 
and tilt it so that the north-south line on the chart is paral¬ 
lel to the hour-circle of the field of view (this is important), 
and inverted—that is, with the “south’* of the chart toward 
the north celestial pole, not the north point of the hori- 
8on. Then after a few moments of being in darkness, 
you can see the star configurations just as they are on the 
chart. (We assume use of an inverting telescope.) 

Locate first the brightest star of the region near the 
planetoid, and gradually move the field of view to the 
planet, identifying all the stars by their configurations and 
relative magnitudes as on the diagram. The asteroid should 
be found in its proper place, according to the date of obser- 
vation with respect to the dates marked on the chart. With 
practice and good sky conditions identifications can often 
be made in a few minutes. At times they have even been 
made instantly, especially if one has picked up the asteroid 
a day or so before and is familiar with the star groups, or it 
the asteroid’s place is close to a bright star. The planet will, 
then, he an extra star-point distinct from all the other points 
that are real stars; and moreover by this method you cao 
identify the asteroid with confidence without having to 
wait a few hours for movement of the object to take place 
against the starry background. 

Except at the stationary points in their apparent paths, 
just before they are reversing direction, a movement from 
one day to the next is apparent. When the object passes 
close to a star (as seen from the earth), movement can be 
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dfitectsd in &d hour’s tioie, more or ]ess> depending upon 
circumstances of magnidcation and other factors. 

An asteroid can be followed by means of the above tech* 
nique for as long a time as the ephemeris and sky condi> 
tions allow, often for months at a stretch. Sometimes one 
performs a neat retrograde loop around opposition time 
and stays in one general region of the sky for several 
months. Only the “Big Four" of the asteroids—Ceres, 
Pallas, Juno, and Vesta—have their ephemerides given 
for an extensive period each year. With the hundreds of 
others only about 6 weeks around opposition arc given in 
the ephemeris. 

Telescopically asteroids are not spectacular. They cannot 
be distinguished by appearance from stars of the same 
magnitude, except that possibly they sparkle less, and some 
of them do have characteristic colors, like Vesta, which 
appears distinctly orange or pinkish. However, the daily 
motion against the stellar background is a positive indica¬ 
tion of their character. A telescope-user invariably gets 
much practice and fun—even a thrill—by following the 
movements of these tiny worlds, which may be but 100 
miles in diameter and $50,000,000 miles away. 
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Double ahA Sf&rs 


T wo tiny points of light—one a rich orange, the other a 
deep blue—pieced close together in the telescopic 
field—such is the appearance of Albireo, certainly one of 
the most spectacular examples of a double star in all the 
heavens. And the concealed beauties of many similar stellar 
objects lie unsuspected until discovered in the telescope. 
Definite enjoyment Is afforded by the repeated observation 
of double stars; for colored doubles are jewels of the sky. 

There is a surprisingly large number of doubles within 
reach of the telescope. In almost any quarter of the sky 
there are some available for any size of instrument, and they 
offer various combinations of color, magnitude, and other 
features. The observer becomes familiar with as many as he 
desires; and once learned, doubles seem like old friends when 
reobserved from time to time. At least i of all the stars 
are binary or multiple, if we include tlic si>ectro.scopic 
binaries; and iV of all stars are visual binaries. 

What would a planetary system be like were its sun a 
double or multiple star, instead of a single one such as ours ? 
The question is not unreasonable in view of the high propor¬ 
tion of double and multiple suns; and it applies only to 
binary stars, for with more than two suns, enormous gravi¬ 
tational complexities would preclude any planetary or solar 
system like ours. 

Imagine our sun replaced by an immense globe of a 
distinct greenish color; also picture with it in the heavens 
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another immeose ball of ricjh blue, both forming together a 
double sun. At times both would be visible simultaneously 
in the sky; at other times one alone woxild be discernible 
for a few hours, following which the other one would like¬ 
wise rise and illuminate the heavens and the landscape, so 
that there would actually be no real night at alH 

It is impossible to know at present of the existence of any 
planets attending other stars, for tliey would be far too 
remote to see in any existing telescope. It is <iuite con¬ 
ceivable that, where a planet revolved around one com¬ 
ponent of a binary, its orbit would not be so simple as thos<‘ 
in our solar system, and the planet’s physical environment 
due to day and night and seasons would be very complex. 
Moreover in case a planet passed from one sun to another, 
these complexities would increase to an unconscionable 
degree; the irregularity and extremes of light and tempera¬ 
ture at various times would be prodigious. 

The astronomer at home can have unending pleasure 
with a program of double-star activity planned to be 
within the range of bis ability and instrument. Beyond 
this, professional double-star observation Includes tlic more 
serious features of exact micrometric, photographic, or 
other measurement in large telescopes, in order to learn 
over a period of years the precise details of the stellar system 
involved. Records and “reductions” are made, giving 
various data that will establish an orbit and help toward 
forming a true picture of the distant system. 

Double star means simply a star that is single to the 
naked eye but can be separated (resolved) with a telescope 
into two stars not more than, say. a few seconds of arc 
apart *^0 the celestial sphere. A professional astronomer 
classifies as real doubles only those that are to us closer 
together than can be seen as separate points with the naked 
eye. In direct visual work, the largest telescopes can 
separate stars down to an angle of about 0”.02, and by the 
use of the stellar interferometer, an instrument for measur- 
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ing exceedingly small angles, resolution 10 times as great 
can be effected. A naked'Cye double is a pair in whicb 
the components are relatively very far apart, sufficiently 
so that they can just be seen as separate points with the 
unaided eye. Naked-eye doubles are of no special interest 
to professional astronomers. 

The most important distinction is between optical and 
physical doubles. In an optical double, botli stars are in 
nearly the same line-uf-sight from the earth, but they have 
no physical connection, one being perhaps trillions of miles 
behind the other. All other double stars are physical sys- 
tems, in which two of these great suns belong gravitationally 
together. To prove a pair of stars composes a physical 
system, we note that there is orbital motion of the com¬ 
ponents around a common center of gravity, or else that 
they both show a common proper motion—are moving 
together in space. The star Delta Herculis is an optical 
pair. The triple star KrUger 00 is both optical and physical: 
the largest two components (A and B) form an optica) pair, 
while one of these (A) together with a faint companion 
(C) represents a physical system that shows orbital motion. 
But the study of steliu: motion itself is the work of the large 
observatory. 

In binary stars there Is definite evidence of this orbital 
motion. Distinction between the terms physical system and 
binary is that in the former we may only detect that the 
components of the pair are drifting together in space and so 
appear to belong together. There may not have been enough 
time yet to detect a motion in orbit; but with a binary, 
motion has been proved. Visual binaries are those seen by 
the eye, including those needing great magnification in the 
telescope. Some, however, are so close together from our 
earthly point of view that they are inseparable in the most 
powerful telescope; yet the spectograph reveab their com¬ 
pound character by a small periodic shifting of spectral 
lines, this effect signifying a change in velocity toward or 
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away from us; and these stars are the spectroscopic hinaries. 
There is no diference between them and visual binaries, 
in respect to motion. 

And then there are also complex systems of more than 
two suns, known as multiple stars. Many examples prove 
to belong to more than one of these groups, on account of 
the circumstanco that they may be double in a small tele¬ 
scope but prove to be triple or multiple in a large glass, 
besides which the spectrograph may reveal one of the 
components to be also a spectroscopic binary. A good exam¬ 
ple of multiple star is the quadruple Theta Orionis whose 
components form the trapezium in the Great Nebula of 
Orion. The stars range in magnitude from 4.7 to 8 and are 
called white, lilac, garnet, and reddish in color. For this 
object, various dTects are obtained by using instrumeDts 
from a field-glass to a lO-inch telescope. 

To be a double star, so to speak, seems not to be a 
unique situation among the population of stars, for about 
11 per cent of naked-eye stars are double. Doubles have 
been cataloged in monumental works by Burnham, Aitken, 
and others, for future study. Not every pair of stars that 

[lasj 






* DOTJBLB ANB MULlIPLB STARS * 


appear close together h a double star, however. As a general 
rule, the fainter the star, the farther it is away, so that 
two very faint stars are probably very far away from us, 
and hence they would also be far apart from each other. 
Each stellar magnitude therefore has a limiting separation 
measured in seconds of arc. Stars closer together than this 
limit may be known as double. For example, Aitken sug¬ 
gests a separation of 10'^ for ninth magnitude, and any two 
stars of such magnitude farther apart than this would not 
be known os a double. There arc a few thousand doubles in 
the northern half of the sky that arc above magnitude 

The range of visibility of the various examples depends 
mainly upon aperture of the telescope, sensitivity of the 
eye, and seeing*' conditions of the atmosphere at the 
moment. Obviously, another factor (i the question of 
whether the star is above the horison at all, at the given 
latitude and at a particular hour of the night. 

Whether or not the star can be seen because of range of 
brightness in the components is dependent upon aperture 
of the telescope. Along with this goes the resolving power or 
ability to split*’ a star into components, when only one is 
seen without such optical aid (these factors are explained 
in the chapter on the telescope). However, the ability to 
split depends also upon the magnification used and the 
quality of the objective or mirror. A high magnifying power 
can often resolve where a lower one cannot, and the higher 
the optical corrections, the better the results. As to sensi¬ 
tivity of the human eye, here is a place where acuity of 
vision is singularly of benefit. Also in double-star work the 
matter of atmosphere plays an important port, a clear 
atmosphere commonly being very good for this type of 
observation, unless there be too much turbulence, with 
dancing images. 

One who appreciates the beauty of color has no trouble in 
becoming enthusiastic over the wide range of color In the 
various doubles. Moreover, there is often striking contrast, 
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as in AJbireo and Epsilon Bo5ti9, the Utter affording a 
superb combination of orange and green. On account of 
difference in color correction and aperture of lens or mirror, 
and variation of different eyes and even of atmosphere, the 
reports of color in doubles have always been notoriously 
discordant and as a result are recorded variously in double- 
star lists. In some stars, the hues are very distinct and give 
no difficulty, whereas in certain others they ar<^ particularly 
elusive. 

The observer’s training is something of a factor, too, 
for a real beginner does not often atuti* the colura of even 
Albireo correctly—which seems incredible to the tniinecl 
telescope-user. Probably the faint past<*I tints showing 
traces of violet or else blue*green, or perhaps some called 
ashen, are the most difficult. In any case, the stars should be 
kept in tbe middle of the field of view of the telescope to 
minimise color aberration in tbe glass. 

To get the best effect in double-star observing, we use 
magnifying power with care. The best rule is to use the 
lowest power that will resolve the pair nicely. In the case 
of Albireo, for instance, we need not use over IHX on a 
fi-inch glass, this star being a wide double. Too large a 
magnification separates the components unduly, losing the 
best effect. Yet In the case of Epsilon Bodtis, 150 to 250 X 
is needed. However, for truasuring doubles (as with the 
filar micrometer) the best rule is to use the highest magnifi¬ 
cation which the “seeing” will allow. The choice of power 
is determined by closeness and brightness of the two stars, 
together with the definition allowed by atmosphere and 
optics of tbe instrument. 

The expert telescope-user commonly learns a number of 
spectacular or “show” doubles scattered over the sky, so 
that he may have some specially fine samples to exhibit to 
persons coming to the telescope for a view of the heavens. 
Nor are colored components the sole attraction, for some 
white doubles are particularly striking, as Zeta Ursae 
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Majorid (BiUzar), and abo Caator. Both of Uiese are magnifi¬ 
cent sights. 

Castor is really a multiple atar> but only two components 
are visible in a small glass. It is one of the best known 
visual doubles. Each component is known to be a spectro¬ 
scopic binary> having periods of 9 and S days. Then the 
period of the one binary system around the other binary 
at a distance of 95 astronomical units U very much longer, 
perhaps SiOO years. At a distance of 73'' there is another 
star, of magnitude 9, whose drift in apace is the same as 
Castor's and which probably belongs to the system, at a 
distance of 1000 astronomical units (a unit being the dis¬ 
tance sun to earth). Add to this the fact that it also is a 
spectroscopic eclipsing binary of period 0.8 day, and we 
have the remarkable situation of Castor consisting of six 
suns. 

One of the objects learned by the telescopist is the star 
Epsilon Lyrae. It is a complex system, this famous double 
double It consists of two binary systems with a separation 
between the systems of 907" of arc and therefore is a naked- 
eye double. When looking into the ^ass we find a trans¬ 
formation, for now the two larger components are widely 
separated and each component is double, the components 
of each half being close together compared to the distance 
between the original pair. The brightest of the four stars is 
also a spectroscopic binary. According to authorities, the 
periods of the closer pairs are probably several hundred 
years in each case, and it is said that the period of revolution 
of the one pair around the other may be something like 
1,000,000 years. At least these two larger pairs appear 
to be drifting together in space, having a common proper 
motion. 

Many examples of particularly beautiful doubles could 
be given, such as Gamma Andromedae (gold and blue) and 
Gamma Leporis (pale yellow and garnet). Others are inter¬ 
esting for other reasons. It seems that home telescope-users 
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ftre as a rule particularly interested in becoming iamiliar 
with various doubles. It Is not enough that such persons be 
content to observe certain of these objects once or twice; 
nearly every time the telescope is set up, they turn onto old 
favorites and nxake observations time and again. Notable 
among such stars are Polaris, Albireo, Epsilon Bot^tis. 
Castor, Aldebaran, and others, each observer having his 
own favorites. One reason for repeated observing is the 
beauty of the double in question. Another reason concerns 
the instrument used, for with a different glass, the same 
double may or may not be resolved. It may or may not be 
of the same color or sparkle; and under differing atmos¬ 
phere, the same star may or may not look the same as 
before. Obviously too the human eye is a factor that varies 
considerably from person to person. 

The essentials for double-star work are a list of objects 
and an atlas by which to locate them. Our list at the end of 
this chapter includes enough doubles and multiples to afford 
typical examples, but a full list includes thousands of stars 
showing range of color, separation, ease of resolving with 
various apertures, etc. Naturally an atlas should be in the 
possession of every telescope-user and student of astronomy. 
One constructed along the lines of Norton*8 Star Atlas 
the best for general purposes, and the observer would do 
well to have one. When the doubles In the elementary 
lists are exhausted, very many more await the observer in 
such books as Olcott and Putnam's Fisld Book of the Skiss. 
To find the double, we note the name of the constellation, 
look at the chart under that constellation, find the star, and 
then identify it in the sky. Thus we learn something of the 
constellations too. Take the triple star U Aurigae: we look 
for the star H in Auriga, and find it on the chart without 
difficulty about east of Iota, the southwest star In that 
famous pentagon. Moreover, while we are there it would 
not do to miss several Messier objects (M 36, M 37, M S3, 
M 33, the first three being especially fine star clusters). 
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’ Each of the books mentioned has many important double 

stars* as veil as nebulae and star clusters. 

In developing a system of observing doubles and multi¬ 
ples, there are certain features to watch in each pair exam¬ 
ined. Chief among these are the following points, the data 
of which can be marked or checked in one's observing 
notebook. 

First, note from the list the category of the star, as to 
whether it is double, triple, quadruple, etc,, remembering 
I that they arc double in the lower magnifications but per- 

liaps multiple with higher telescopic power. 

Apparent brightness: this is known before we look into 
the telescope, for magnitudes are designated in the lists. All 
the professionals can measure and record are position on 
celestial sphere, direction of one component from another 
^ (position ungle), magnitude, and date of observation. 

Relative brightness: a double such as Aldebaran presents 
a very bright component and a faint companion (besides 
^ which, two other fainter companions), whereas with Rho 

Ophiuchi, a fine pair, components are each of magnitude 0. 

Separation, or distance apart of the components, ex¬ 
pressed in seconds of arc: the smaller the separation, the 
greater the aperture of lens or mirror needed. Of course 
innumerable doubles are beyond the reach of any given 
t aperture, but the observer soon learns the theoretic^ limits 

of any instrument i and the separation changes with time. 

Closely associated with the separation is the “position 
angle*’, or direction of one component from another. Con- 
* aider a line joining two components; taking the main or 

brighter component as the standard star, the actual direc¬ 
tion of the other component (on the celestial sphere) is 
expressed in degrees (see diagram). These position angles 
are given in lists because they offer a guide as to where the 
f companion star—perhaps difficult to see—is to be found, 

and because in advanced work position angles are recorded 
from year to year so that eventually binary orbits may be 
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computed. In some caMJ it Ukes 1000 years and more for 
such ft system to complete ft revolution. 40 Eridani is an 
interesting case, with components of magnitude 4.5 and 
0.2 at ft distance of 82". Both of these stars show a largo 
drift in space; however they present little relative motion, 
being so far apart. The revolution period is about 7000 
years, and the orbit about 44,000,000,000 miles in diameter. 
Also, the faint companion is a visual double star itself with 
an orbit about as large as that of Neptune and a period of 
180 years, so that the system is not a simple one. Some of 
the orbits (like those of eclipsing binaries) are presented 
edgewise to us, in which case the stars seem to go back and 
forth in one line. A visual binary with such an orbit is 42 
Comae. Other orbits show us a “plan” view, and the stars 
move in ellipses. But In most cases the orbits are tilted at 
various angles to our Une-of-sight. The visual binary with 
shortest period is BD —8® 4352, with period 1.7 years, and 
tie components each are tenth magnitude. Another of short 
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period (5.7 years) is Delta Equulei, with components about 
fifth magnitude each. 

Colors are the most variable factor for reasons already 
mentioned. The signiEcance of color In stars lies not only 
in their intrinsic beauty, but in the fact that these bodies 
represent other suns, at various stages of temperature and 
evolution, with possible planets attending them, just as our 
sun represents the center of our solur system. The only sun 
we know is a yellow^white object, but suppose it had a 
rich blue color and hod a companion sun of an oraage hur-^ 
like some of the doubles we know! Blue light or orange light, 
or a combination, would uecessarily full unto the planet and 
tlie results would be astounding. 

Telescopic diameter and magniEcation needed to split 
the stars, observers End very interesting. The pole star, 
Webb says in CeU$tMl OhjeGiafor Cvnmc^x rsisscopes, can be 
resolved with 1} inches, yet we liave had difBculty in seeing 
the companion star at all, even with a 5*inch glass. On 
account of binary-star motion of revolution, often after the 
lapse of 50 years the components ore really much closer to 
us than when formerly observed, and hence cannot be 
resolved with similar aperturea^or else they have separated 
and become easy with smaller diameters. 

With doubles of the same separation, some are easier to 
resolve than others. Rigel’s eighth-magnitude companion 
is none too easy, being fairly lost in the bright glare of the 
primary (magnitude — O.S). This star also has two other 
components. Another, Delta Cygni, is notoriously difficult 
of separation. It is close for a small telescope besides 

which the Image of the companion falls on the ** diffraction 
ring’* of the primary, and so is obscured. Yet these diffi¬ 
culties offer a challenge to the observer. The constellation 
Cygnus contains a vast array of interesting telescopic 
doublesand multiples with a range of color, magnitude, and 
separation. 

Is it an optical double or a physical system P The question 
cannot be decided by the casual observer but is one of the 
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{eature3 of tlie star determined after long observation by 
specialists. By far the larger proportion of cases are physici 
systems. Theory of probability leads to the conclusion 
that, for a random distribution of stars, in only a small 
proportion of cases out of many would two of them lie in a 
straight line as seen by us and be so close together as we 
find many of them to be. 

Miscellaneous remarks or special features include, among 
other things, notes by great observers of the past. As an 
example, in the case of Kpsilon Pegasi, Webb says that 
Herschel noticed a “pendulum-like oscillation of a small 
star in the same vertical with the large one, when the 
telescope is swung from side to side*’. This, he thinks, is 
"due to the longer time required for a fainter light to affect 
the retina, so that the reversal of motion is first perceived 
in the brighter objects’*. We would therefore see if we could 
detect the same phenomenon and possibly, in the light of 
modern knowledge, offer a better explanation. Agnes 
Clerke, famous astronomical historian, says of a certain 
component (the companion of Regulus) that it is “seem¬ 
ingly steeped in indigo*'—a curious remark, and wc would 
try to confirm this. 

How the binaries ever originated is a question that is at 
present cloaked in mystery. The fission theory has for its 
start a great parent nebula, an enormous mass which 
rotates. If rotation were slow it would condense into a 
single star—if rapid into a binary; that is, it would divide 
by its own forces of gravitation, rotation, or radiation 
pressure, etc., into two or more parts, Then there is the 
modified-capturc theory, which says that for untold eons a 
star and a planet with it pass through extensive regions of 
cosmic material or meteoric matter and dust, and the planet 
adds to its mass by accretion of this material. Also, there is 
the separate-nuclei theory, by which condensation of 
nebulae that have two nuclei might conceivably form sepa¬ 
rate stars ^‘near” each other. However, Aitken concludes 
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that, whi!e out observations indicate clearly the common 
origin of binaries, no proposed theory of origin and later 
development of the system as we see it is satisfactory, so that 
the question is open for further observation and research. 

Dmtbie^gUtr Obttffrration LiM 
The subjoinwl list w, we believe, the finest observing list 
of double and multiple stanj. It inconwnites a wi<le range 
HS to pc«nti<in in the heavens, nuignituclc and sopanition of 
eoin]>oni*nli<, coltirs, and ensc of observation. The in out 
brilliant doiildes are to be found liere, as well os many 
having e8p<*cially fine colors. The doubles of Pichering's 
finest objects are included. 

In column S are given the respective magnitudes of the 
components. The first value is that of the brighter com¬ 
ponent (A), the second value U that of component B, etc. In 
column 4, the position angle refers to the direction on the 
celestial sphere, of the small component with respect to 
the large one (see diagram of position angle). Distance in 
column 6 represents the separation of the components in 
seconds of arc. Inasmuch as binary stars are perpetually 
in motion around a common center of gravity, the distance 
apart, as seen by us, and the position angle vary with the 
years, so in column 6 appears year when the given posi¬ 
tion angle and distance were observed. As to colors of 
components b column 7, this feature is the least objective, 
and our color data are only approximate, vsu'ious observers 
often disagreemg as to the exact color; moreover Jo a few 
cases, color is said actually to change with time. 

The observer can get but a vague notion of the bterest or 
beauty of these doubles from our list. For best results no 
greater magnification should be used than is needed to 
resolve the stars mto components. Many stars are needed 
in. order that there will always be a few available in any 
definite region of the sky open to observation from a 
particular locality and on a certam zugbt of the year. 
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Varia!>ie Stars 


T iibbe U one field above all others in which the amateur 
astronomer has distinguished himself by his help to 
professionals^ and in that field even today there aro new 
horissons waiting to be crossed. The giant telescopes of the 
world's great observatories are seldom turned on the 
brighter regular variable stars, for these telescopes have 
elaborate programs in other fields mapped out for their 
use. They cannot be spared for routine day-by>day visual 
observations of this kind, and so the work has fallen to the 
humble instruments of the bock yard and to the devotion of 
amateurs. 

Variable stars, the surprize packages of the universe, ar(^ 
stars that change tiieir brightness, sometimes from hour to 
hour and in some coses from month to month. Except for 
one type, science does not yet know exactly why. Unending 
detailed observations are the only means by which the 
mystery can be solved, for only when we know how they 
fluctuate may we hope to know why. When the answer is 
found it may provide new keys to an understanding of the 
universe. 

Variable stars are everywhere in the sky, and some are 
even visible to the naked eye. Polaris, landmark of the 
northern skies, is one, and it undergoes a 10 per cent 
variation in its light in slightly less than 4 days. Betelgeuse, 
the red star of Orion, is another. It changes by one>half 
magnitude, but irregularly, so that no one can predict when 
next it will fade. 
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These stars are of different types. Variables are grouped 
in several well-defined divisions. 

Ptriadie poriaUft: 

Eclipsing vMiiihk* (not iQtriJuUaUy varwlsW). Algol tor iut4rkce 
('epheidi 

Chwlcr type, with Jipph>rim«iely J.dny pvrhA, xucK u BR I^r»e 
(']>v«ncal (\«phpul. pcriixl nlnuit S.fl itay^t, kucU u Db!u Cephid 
Long-period vnrUilile*, m Oinicmn <*ctl 

Noit-pfripdU eariah/e»! 
frrciTilnr voria^iln, MmiUr to ft <'orona« 

Nov«e» <t tcmporwy nlarn, typified by TyelioV ainr of IST* 

The easiest type to understan<I is the periodic eclipsing 
variable. These are binary stars circling around a common 
center of gravity, in which one component is brighter than 
the other. As the fainter of the pair comes before the 
brighter, the combined light of the two fades. As the 
brighter emerges, the light increases. The individual stars 
in these binary systems, of course, do not actually change 
their brilliance, but the systems seem to vary because we 
happen to be in their plane of motion and sec the com¬ 
ponents eclipsing each other. From a position in space 
outside that plane, they would not appear to eclipse each 
other, Algol in Perseus is a typical example of the eclipsing 
group and changes from magnitude £.1 to S.2 as regularly 
as clockwork every It is visible to the unaided eye 

throughout the period. It was from spectroscopic observa¬ 
tions of Algol that the first deternunatioiL of a star’s diam¬ 
eter was made, 

But the real problem of variables rests in those stars 
which change their intrinsic brilliance—the Cepheids, the 
long-period variables, the irregular variables, and the 
novae. Already, though mystery still surrounds them, 
science has used some of them as measuring sticks to tell us 
how far away are the globular clusters and the island uni¬ 
verses of outer space. 
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The Cepheid classification has two subdivisions, based 
msinljr on the difference in period. Cluster variables, or 
HR Lyrae stars, are the shorter, and classical" Cepheids 
the longer. Cluster variables include no stars visible to tho 
naked eye, speed through space at velocities up to 200 miles 
per second, have an average period of 0.^6 day. Classical 
Cepheids offer several specimens visible to the unaided 
eye, such as Polaris and Delta Cephei, from which the 
classification derived its name. They move at comparatively 
slow speeds and have an average period of 5.0 days. Despite 
the fact that there are undeniable similarities between the 
groups and that the causes of their fluctuations are quite 
possibly the same, there seems to be sufficient warrant for 
discussing them as separate types. 

There were recently some diO examples of the cluster- 
type variables known to astronomers. They are spectacular 
objects, whose variations seem the result of a pulsation 
within the stars themselves, Spectral study shows the 
brilliant lines of hydrogen gas to be prominent in their 
make-up. A typical range in brightness would be one in 
which the star at its maximum was 2^ times as bright as 
when at its minimum. 

The period of a variable star is defined as the time in 
which the object goes from one minimum to another, or 
from one maximum to another. On an average, these cluster 
variables run twice through this range, from dim to bright, 
in slightly more than a day. One unique specimen in 
Aquarius completes its period In 1 hour 28 minutes. 
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The classical Cephdds, aside from the fact that their 
periods are on an average 10 times longer than those of the 
cluster variables, also have a slightly smaller range in 
variation. Their average maximum is 2.1 times as bright 
as the minimum. Like the cluster stars, they are believed to 
pulsate like a toy balloon that is alternately inflated and 
deflated. As they go from maximum brightness to minimum, 
their surface temperature drops from 5SOO® to 4600^C, 

On the other hand, the long-period variables, which have 
a comparatively small range in surface temperature, 1800^ 
to 2800 ^ 0 ., have a much greater range in light variation. 
The fluctuations are such that the average star Is at maxi¬ 
mum Gfl times as brilliant as at minimum. 

In considering any question of magnitude range within s 
variable star, it is well to remember that the magnitude 
scale is based upon ratio of light intensity. Stating the 
different magnitudes of two stars does not state the actual 
numerical difference in light intensity between them; 
because if two stars are one magnitude apart, the brighter 
of the pair is times os bright as the other. If, however, 
they are two magnitudes apart, the intensities differ by 
H times; similarly, if four magnitudes, by 

about 38 times; if flve magnitudes, by 100 times; and, 
finally, if 20 magnitudes, by 100,000,000 times. This magni¬ 
tude scale, for various reasons, is better adapted to the uses 
of astronomy than one measuring the numerical difference 
in intensities. It compresses, within a few divisions, inten¬ 
sity differences that would otherwise become difficult to 
express: a twentieth-magnitude star would require nine 
figures. 

Frequently, the long-period variables have an intensity 
range of 100 times, and there is at least one specimen that 
is 10,000 times as brilliant at maximum as at minimum. 
Perhaps the great changes that take place within them 
require a longer interval of time than do the comparatively 
small variations of the cluster-type and classical Cepheid 
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si&ts, for the long.period group requires an average of SftO 
days to run the gamut of brightness. 

These long-period variables are, like the first classifica¬ 
tion, characterized by an extremely rapid motion through 
apace, and although their temperature is low as compared 
with the duster-type and Cepheid sUrs, there is something 
distinctly mysterious about even that fact. For the apectro- 
scope reveals in their outer layers blazing clouds of hydrogen 
gas. Something more than a red-hot star at the compara¬ 
tively low temperatures attributed to these gianU is ne<.*de<l 
to make hydrogen shine so in that atmosphere. And no one 
can yot say what it is. 

The long-period variables, furthermore, are amongst the 
largest of known stars. They are indeed super-giants, and 
the biggest of them have a volume W,000.000 times that of 
the sun. Yet they are extremely tenuous, and their average 
density is about of the air we breathe—a density 

that would be considered a vacuum in our laboratories. 
They are then, u various scientists have noted, little more 
than red-hot vacuums. 

In color they are red or deep orange, a fact which caused 
ChandlCT in 1888 to advance the comment that the redness 
of variable stars, generally speaking, is proportional to 
the length of their periods of light variation, so that one 
might say “the redder the tint, the longer the period”. 

And then there are the novae. Literally, these objects are 
termed “new” stars, although this term fits them as badly 
« the adjective “temporary” which Is used frequently 
in connection with them. Actually, novae are stars which 
(so far as we know) have always been in existence but 
wMch, for some reason, suddenly flare up to unheard-of 
brilliance- They maintain a tremendous expenditure of 
energy for a while, after which they fade to their former 
obscurity. 

A typical nova may increase its brightness by 70,000 or 
80,000 times, and at the peak of its eruption may be among 
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the most brilliant of objects. Occasionally there occurs a 
auptr-nova, a star which has all characteristics common to 
ordinary novae but which, during the period of its expan¬ 
sion, is in itself nearly as bright os the entire galaxy in 
which it appears. Super-novae are extremely rare, only a 
few having been discovered, nnd those in other universes 
than ours. Strangely enough only one super-nova—Tycho’s 
sUr, of 1572—seems definitely to belong to the Milky Way, 
although ordinary novae are as a rule thought to be nicm- 
Iwrs of our galaxy because of their brightness and proximity 
to the Milky Way, 

It is notable that practically all of those visible to the 
naked eye are discovered by amateur astronomers who are 
familiar with the constellations and detect the changes in 
outline wrought by the appearance of a “new” star. Pro¬ 
fessional astronomers, whose work is directed along a 
specialized line of research, do not have time for the general 
surveys of the constellations that are constantly made by 
amateurs. 

And so an amateur who secs what he believes to be a new 
star in the heavens may well rush to check it against all 
known objects in the hope that he, too, has made an 
important discovery. The first thing to do, of course, is to 
compare the suspected star with a good chart of the region, 
making absolutely certain that the object really isn’t a star 
that the observer has simply overlooked before. Then 
check upon the positions of all the nokcd-eye planets to be 
positive that every one of them can be accounted for, and 
also consider the possibility of a comet. After that go to a 
telephone or telegraph office and notify the nearest observa¬ 
tory as accurately as possible of the position, magnitude, 
and color of the object. Every night of observation is 
important in the early stages of a nova; so, having made 
absolutely certain that the object is not a normal object in. 
the skies, waste no t^e in reporting it. 

Invariably, when astronomers check on the sudden ap- 
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pe&rance of a nova, they discover a faint star in its place 
on old photographs of the region. And, incidentally, these 
faint stars are usually of about the same brightness as our 
Bun, which therefore might be considered a potential nova. 

At any rate, spectroscopic study of novae shows that 
there is a terrihc outward rush of incandescent gases, an 
effect not dissimilar to that which would be caused by an 
explosion within the star. It has been suggested that the 
outer strata of the object suddenly get beyond control of tho 
star’s gravitational attraction, and that perhaps the reason 
for this may lie in some locreuse of light-pressure from the 
center of the star, which is probably unstable. 

In general, all well-investigated intrinsically variable 
stars have proved to be giants or super-giants, stars of large 
volume and low density. Oddly enough those stars with the 
lowest density and greatest sise seem most disposed toward 
variability. 

The pulsation theory is baaed on the premise that, in 
the normal star, gravitation and light-pressure—the one 
holding matter to the star, the other forcing it away—'are 
equal and maintain a fairly constant balance. If, the 
exponents of the theory state, the materials of this star were 
in some manner compressed and then released, they would 
rush outward at an accelerating velocity until they passed 
the point at which gravity and light-pressure were equal. 
Then they would slow down until they stopped and would 
begin a return trip. Again passing the balance point, they 
would alow down, stop, and begin to rush outward again, 
continuing the process rhythmically. 

Mathematicians have c^culated that for each star there 
would be a natural period of such vibration, and observa¬ 
tions of the Cepheids, for instance, give them a period not 
inconsistent with that which is calculated for them on the 
basis of their dimensions and physical construction. Esti¬ 
mates for the long-period variables, based on a very tenuous 
composition, sdso seem to agree. 

[ 180 ] 


* TARlABLS ftTABd * 



VARIABIMTAR CHART 
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of Vviab^ 9Ur Obawen for m in rceentanf fluHnntMU in varabU*. 
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Whatever the true answer isi and there are some doubts 
about the pulsation theory, it will probably not be known 
until an immensely greater amount of data has been ao* 
cumulated. And a great deal of important routine observa¬ 
tion in this field is done by non-professionals coordinated 
in their efforts through a central agency. 

Detailed charts for use in observational work may be 
obtained from the American Association of Variable Star 
Observers, as well as a further outline of the procedure to be 
followed. For information a<ldrcsM ihi* current recorder 
of the A.A.V.S.O., Harvard College Observatory, Cam- 
bridge, Mass. 

llie association was founded in 1911 to relieve profes¬ 
sionals of a great deal of work that could be done com¬ 
petently by amateurs, and it now has members scattered 
throughout the world who send in monthly records of 
variables to which they are assigned by the association. 
Some of the more experienced of these workers make 
thousands of observations during the course of a year. 

Variables are designated both by the capital-letter system 
introduced by Argelander prior to lSi50 and by a numerical 
arrangement developed at the Harvard Observatory. The 
latter indicates the variable by a six-digit number composed 
of three units which give, in order, the hour of right ascen¬ 
sion, the nearest minute of right ascension, and nearest 
degree of declination of the star for the year 1000. Should 
the star have a southern declination, the last two digits 
would be underlined or italicised. A typical designation 
under this system would be that of R Leonis, given as 
094211. The star has a right ascension of approximately 
9^42" and a declination of +11^. 

Making actual observations of a variable star Is a matter 
that requires painstaking care, and should not be attempted 
without remembering two things: that the human eye 
cannot, without long training, estimate accurately divisions 
smaller than one-third of a magnitude; and that the method 

[1S2) 


« TARIABLS STABS * 


to be used in msking estimates depends entirely upon the 
star in question. 

There Are» as the table at the end of this chapter will 
show, several variables that are visible to the naked eye 
and that are, therefore, excellent material for the attenrion 
of the casual amateur. However, In all but a few instances • 
serious observation of variables re<|uire8 the use of a telC' 
scope. Other e<|uipinent needed includes a good chart or 
atlas and a pencil and notebook. Graph paper, for clearly 
illustrating the light curves of the stars under study, is 
also desirable. Detailed recommendations as to equipment, 
of course, can always be obtained from the American 
Association of Variable Star Observers, Three different 
methods are employed in the scientific observation of 
variable stars—direct visual study, delicate measurements 
of light changes with the photoelectric cell, and the per* 
manent recording of stars on the photographic plate. For 
present purposes, only the visual methods are considered. 

Considering the variable under observation to be ideally 
situated, the usual method of estimating its fluctuations 
can best be described by quoting from Circular 1 of the 
American Association of Variable Star Observers, on in¬ 
structions to observers: 

On the chwto, cDSay of tbo tten are designated with numbers which 
indicate their taagnitudes to teaths. These magaitudes have been care' 
fuUy determined and are to be emidered as a sort of mcasuriog rod 
in estimating the magnitude of the variable. Thus S4 and SO indicate 
two itars wboee magnitudes are M and S.O, rvepectively. Select two 
comparison atan, one a little brighter and the other a UtUe fainter 
than the variable and utimate bow bright the variable it in terms of 
two stars. This may seem at first to be very difficult, but as ibo 
eye becomes better trained, preciriai is readily attained. For esample, 
suppose there are three comparison stare in the field with the variable, 
marked respectively M, 6S. and SS, and that the variable is fainter than 
the $d but brighter than the 9i. If it seems equal to the fiB star, consider 
this as the estimate of the brigbUwas d the variable. If it is about half 
way between aod M, your estimate is 9.0. If nearer the 88 than the 
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call It 8.9, etc. Use at least two comparison stars, and if possible, 
more. If tbe interval is very large, aay O.S or greater, use extretae care in 
aatpsatiag hew the interval between the brighter comparison star and 
tbe vanable compares with that between tbe variable and the fainter 
comparison star. Record exactly what you see, regardless of seeming 
discrepancies In your observado&s. If tbe variable is not seen, that is, is 
in viable because of extreme faintness, clouds, or moonlight, note the 
funtest star visible: if that star should he an 115. record your obscc' 
vation of the variable as <11.5, meaning that the variable is invisible 
and must have been at least below magnitude 11.5. 

To picture adequately the problems of a variable-star 
observer, let us study the process of making observations 
on a specific star, RLeonis. To begin with, we must remem¬ 
ber that an astronomical telescope inverts objects, and so 
we must turn the charts with which we are working upside 
down—unless they have been prepared to show the stars 
as they appear in bji inverted field. In addition. If the 
telescope in use be not equipped with setting circles, it will 
be necessary to plot the position of the variable on a map 
and then pick up the field by guiding from a bright star in 
the vicinity* 

For this work it is useful to determine the diameter of the 
field of view of the telescope. It can be done easily by focus¬ 
ing tbe Instrument on a star which is as close to the celestial 
equator as possible, and timing the passage of that star from 
one side of the telescope field to the other. This time interval 
in minutes, divided by 4, is equal to the diameter of tbe 
telescope field in degrees of arc, which is exactly what is 
required. Additional hints that may help tbe beginner in 
this work may be loxmd in the chapter on Xlse of tbe 
Telescope. 

Now, for the task of actually locating E Leoais, let us 
suppose we are using a telescope the diameter of field of 
which we have found to he 1^, and that we have focused the 
instrument so that Omicron Leonls is centered in the field. 

By examining a chart of the naked-eye stars near R 
Leonis we can determine that the variable is about east 
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and 1^* nortii of Omici^n. So tlic first movement is to 
adjust the telescope east just diameters of the field, 
bringing the point that is east of Omioron Into the 
center of view. From this point, we move north and 
we should be able to recognize the field of stars from the 
chart and thus identify the variable R Leonis. We would 
see two bright stars on a line running southeast^northwest* 
with a small equilateral triangle to the south. The variable 
is one of the members of the tiny triangle, and by proper 
orientation of the chart we should have no trouble in identic 
lying it. All variable fields are not so easily found, of course, 
but by patient work they may be locat^ if within range 
of the telescope in use. Always it should be remembered 
that if the telescope field be inverted, so are north and 
south, and east and west reversed in the field. 

Once having tracked down the variable, our next task is 
to estimate its magnitude. Let us suppose in this case that 
we use the other two stars in the triangle for comparison. 
They are of magnitudes 9.0 and 0.6 as the atlas tells us, and 
if we estimated that R Leonis were just between them in 
brilliance, then we would record it as of magnitude O.S at 
that date and time. This method is only a slight departure 
from the procedure outlined before, but it serves to show 
how circumstances may alter or modify that standard of 
procedure. No definite rule can be advanced for thia work, 
because all working conditions vary, but this method will 
fit most cases witb slight adaptations. 

The fluctuations of a variable may be simply illustrated 
by the construction of a graph. The time, usually in days, is 
scaled horisontally, and the magnitude, preferably in 
tenths, can be scaled vertically. The accompanying graph 
of Delta Cephei will serve as an illustration of such a record. 

I/Ut qf Variables for Obserpation 

The following are some of the important variable stars 
observable with small telescopes. The list has been approved 
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by Campbell, former secretary of tie A.A.V.S.O. For the 
stars with asterisks, there are charts with comparison 
stars indicated thereon, which can be obtained from the 
A.A.V.S.O. chart curator. The last four stars are for south- 
circumpolar observation. 
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D o TOT7 know that 70U are living in a triple nebula? 

Sounds sensational, but that is only one of the facts 
discovered by astronomers with great telescopes. And 
although such facts about the universe are determined as a 
result of exhaustive investigation with large instruments, it 
is possible to stay in one*s own yard with small telescopes 
and examine and appreciate oeany of the objects that make 
up the unfathomable depths of space around us. Two types 
of objects are of interest in this way, the star clusters and 
the nebulae. 

Close inspection of the stellar universe discloses not only 
a prodigious number of single and multiple stars, but 
thousands of aggregations of these bodies in far'distant 
space. They are the star dusters. Such great collections of 
suns are not enlarged double-star systems but a distinct 
kind of unit of structure In the universe. Not only are they 
of interest in themselves, but they have the peculiar advan¬ 
tage of helping to measure the extent of the universe. 

Star clusters fall into two types: the open duster, such as 
the Pleiades, which are probably the best known example, 
and the globular duster, like Messier Id, the Great Star 
Cluster in Hercules. 

Of the open type, also called galactic clusters, several 
examples are virible to the unaided eye. Besides the 
Pleiades, in Taurus, another group—the Hyades—is easily 
located because of the reddish first-magnitude star Aldeb- 
aran. Another for the naked eye is the Coma Berenices 
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group. In Pcrroua is a beautiful double cluster that is like¬ 
wise observable without optical aid, on a good night. Not 
quite as euy as this ia the Piaesepe cluster within the 
quadrilateral of Cancer. 

Naked-eye views of these objects mean nothing, however, 
compared to the views afforded by even a low-powered 
telescope, Indeed to get the beat effect, one of the best 
means of seeing the objects is to magnify them only about 
15 to 20 times and have as wide a field of view os possible. 
In this manner many of these groups offer an almost la- 
describabU sight. In a good glass with very low power 
either one of the Perseus clusters appears like a scattering 
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oi gold dust. In 18X binoculars the Pleiades just nicely 
£11 the field and look like a brilliant array of diamonds on a 
black background. 

The open clusters really belong to the Milky ’Way» the 
stellar system in which we are placed. These galactic clusters 
appear to be most numerous in the apparent direction of the 
star clouds in Scorplus and Sagittarius. The Hyades and 
the Pleiades and also the Coma and Praesepe groups are 
the nearest to the solar system. The Hyades are closest at 
A distance of 130 light-years, although very few clusters are 
within a radius of 1000 light-years. Only indirect measure- 
ments can establish this great distance. The bright star 
Aldebaran seemingly in the midst of the Hyades does not 
really belong to it but is simply in the same Une-of-sight 
from us. About 300 to 400 open clusters are known; some 
contain a few stars, others a few hundred, and all have 
widely scattered members, rather than a condensed mass of 
suns. The average diameter of such clusters U about dO 
light-years. 

Many such groups show that they are moving together 
or going through space m ftuuH. One of these moving clus¬ 
ters includes 5 of the stars of the Big Dipper, as well as 
Sirius, Deneb, and some fainter stars scattered over the 
sky. Although the sun is located in this group, it does not 
belong to it. Another moving cluster includes the stars of 
the Southern Cross as well as Alpha Centauri and various 
other bright stars in the south celestial region. 

The globular clusters lend themselves better to higher 
telescopic power, for they cover a much smaller ares, ap¬ 
pearing like a star in sise until magnified, although the 
nearest ones are over half the moon's diameter in extent. 
They are, in the telescope, a dense aggregation of untold 
numbers of stars, seemingly so compact toward the center 
that it is difficult if not impossible to distinguish individual 
stars. At first glance they appear to be spherical, but upon 
closer examination, somewhat oblate. 
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Globular clusters are not as numerous as the open or 
galactic type; only about 100 are known. A few are more 

open*’, like the open^luster type. Others have many 
thousands of stars in a seemingly dense mass, and the 
average has perhaps 20,000 stars as bright as the sun. 
Distribution of globular clusters is different from the open 
type, for the globulars are not found in the Milky Way 
regions. Evidence points to their being outside this system 
in space, although Shapley holds that they are essential 
features of the Milky Way even if they are outside its stars 
and star clouds. Most of the globular clusters are located in 
a large section of the sky, with Sagittarius as the center. 

The nearest and brightest of these singular objects arc 
Omega Centauri and 47 Tucanae, which are about 48,000 
light-years away. The former is considered the finest star 
cluster in the heavens, and the latter is almost as fine a 
spectacle. Both of them however are for observers in south¬ 
ern latitudes, 47 Tucanae being located near the Smaller 
Magellanic Cloud, a southern object. 

Another globular which is comparatively near is the 
Hewules Cluster (M 13). which is 54,000 light-years away. 
It is the finest globular star cluster for observers of the 
northern hemisphere. The real diameter is about 100 light- 
years, and many thousands of stars can be counted on 
photographs made of this cluster. Moreover, these points 
of light do not include the more frequently occurring low- 
luminosity stars, so Moulton concludes that there must be 
meral millions o} Hats in M 13! At oar immense distance 
the stars seem closely packed, yet they are not actually so, 
for on the average each is about 1 light-year from the next 
one. The individual stars of this stupendous group are too 
far away for us to detect any movement, but they undoubt¬ 
edly ^ moving in orbits of their own and at speeds of a 
few miles per second. 

The beginner in astronomy cannot have the least idea of 
the superb and entrancing view obtained in a good telescope 
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when the Hercules cluster is in the field. A S-inch glass under 
the best conditions begins to show something; a 6*Liich 
does much better, and for a reaJfy magnificent view, a 
12*inch telescope is desirable. Words are inadequate to 
describe the object, particiilarly when seen against a black 
sky, with a good glass, a good ocular, and other favorable 
conditions. Small wonder that owners of telescopes have 
the habit of turning their instruments onto it at almost 
every opportunity. To see a few such remarkable assem- 
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blages of suns —so far away—is helpful in forming some¬ 
thing of a picture of our universe. Only a very few are 
visible without a telescope, and real research is done by 
loDg-exposure photography. 

The nebulae belong to an entirely different class of celes¬ 
tial objects. There are two large divisions of nebulae; the 
galactic nebulae and the extra-galactic nebulae. The class 
of galactic nebulae includes two types: the diffuse nebula 
such as the Great Nebula in Orion, the Trifid Nebula, the 
Filamentary Nebula in Cygnus-^and the other type—tho 
planetary nebula, like the Owl Nebula. 

The galactic nebulae are found in the Milky Wuy. The 
diffuse type are irregular in shape and immense in size. They 
may present an appearance of great shapeless clouds or 
may he only hasy patchesi io any case showing as extended 
areas and thus being fainter than stars. Some of them are 
comparatively luminous, and others have no source of 
illumination, appearing only as dark masses. 

A neighboring star seems to be the source of light for the 
more luminous of tbe diffuse nebulae, and there is a definite 
association of stars with these nebulae. In the Pleiades, for 
example, the unaided eye discerns simply stars, but a long- 
exposure photograph reveals the group immersed in a great 
extent of nebulosity. The Orion Nebula is also connected 
with the group of stars known as the Trapezium, and there 
are other examples. Some proportion of the Ught coming to 
us from these nebulae is really starlight reflected by the 
nebula, but more of it is radiation received from the hot 
Stars and transformed by the nebula and radiated again to 
us: that is, the stars stimulate the nebula to send off rays 
of their own, Their spectra reveal much hydrogen and 
heUum, so that these gases and dust are supposedly the 
materials of which they are composed. 

A number of the diffuse group are dark nsbulae. For many 
years these great dark irregular areas in the heavens were 
thought to be “holes'* in the sky in which there were no 
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8tU8> but we know that the dark regioxu are ailbouettea of 
unUluiiunated nebulae that hide the atars beyond. The 
famous Hone^bead or Dark Bay Nebula in Orion is the 
most spectacular example. Dark nebulae are not absolutely 
dark, for occasionally they are brighter than the general 
atellar background. Classed among such objects are exten* 
aive rifts in the Milky Way like that from Cygnus to the 
south circumpolar regions. Striking examples near the star 
Antaies have been photographed by Barnard. Such masses, 
it is held, would be luminous if near enough to ultra-violet 
and blue stars. 
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It hoa been thought that this obscuring matter of the dark 
nebulae may be composed ^of meteors, but it seems more 
probable that it is dust a few hundredths or thousandths 
of on inch in diameter. Inasmuch os the edges of the masses 
are often sharp, as in tbe Horse-head nebula, it is concluded 
that likely the clouds of this material are held together by 
gravitation. 

Besides the dark lanes in the Milky Way there are two 
other especially black areas called coal-socks. The Co&l-sack 
in Cygnus la a dork hole southeast of Deneb. Another is 
north of Antares and east of the star cluster M 80. A third 
is near Delta Cephei, and the most notable one is the coal- 
sack near the Southern Cross. The last is an irregular, very 
dark region in the Milky Way, east of Alpha Crucis. 

The planetary nebulae are so colled because of their 
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fancied resemblance to a planet. They are envelopes of 
nebular material surrounding stars; that is, in most cases 
there seems to be a star in the center of each. About 150 
planetaries are known, and they nn^ in sise from almost 
star-like points to objects as large as NGC 7«95 Aquarii, 
about in diameter. None is bright enough for nak^>eye 
visibility. The distance of planetaries from the solar system 
is large; the nearest (NGC 7«9S) is 1000 light-years off, and 
most of them are much farther. Diameters average a trillion 
miles, several times the extent of the solar system. 

Probably the best planetary nebula to see is M 57, the 
Ring Nebula in Lyra. Its diameter is over 1', and it is com¬ 
posed of a nearly perfect elliptical ring with a fifteenth- 
magnitude star in the center that is inviaibie except in a 
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large telescope. The Ring nebula is easy to locate in a 
S-inch telescope by means of the stars Beta and Gamma 
Lyrae between which it lies. Appearing in such a telescope 
as a faint misty round patch, it reveals itself in a 6-inch 
glass in its true annular shape and looks just like a 
“smoke-ring”. > 

The Crab Nebula, M 1 in Taurus, is another planetary 
(?) for the tclcscojic; this appear.s to be expanding as if 
from an explosion-in Ursa Major is the Owl NebiJa, over 
a' of arc in diameter and looking rather spherical and 
somewhat owl-like. Another planetary is the Dumbbell 
Nebula in Vulpt^cula. In Andromeda is still another, 
H.IV IS, an imperfect smoke-ring with a relatively large 
star in the middle. 

). The extxa-golactic nebulae include regular nebulae, which 
may be either elliptical (as NGC 4486 and NGC 8116} or 
spiral nebulae. The latter are either normal spirals, as 
M 81 and M 101, or barred spirals, like NGC 7479 and 
NGC 6850. The second large group under the extra-galactic 
nebulae are the irregular nebulae, with the Magellanic 
Clouds as on cxamjdc. See cIa<<sification,.Appendix IX. 

Entirely dissimilar to Oie galactic nebulae are the extra- 
galactic nebulae. The latter are most numerous near the 
galactic poles and appear to be absent from the Milky Way 
regions, and it is lUUeved the reason lies in their being 
hidden (if there at all) by dark nebulae in the Milky Way. 
Inasmuch as extra-galactic nebulae are outside our own • 
system, they are known as exterior systems or external 
galaxies. Such galaxies occur not only alone in space, but 
even in clusters, the most notable being the Coma-Virgo 
group with about 100 nebulae at a distance of 10,000,000 
light-years I 

Most of the exterior systems are of the “regular” type, 
and in these there exist many forms, beginning with spher¬ 
ical masses like NGC 4486 and ending with spiral nebulae 
that have open arms. There appears to be a regular sequence 
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of forms of these nebdse. In general they are much tade 
difficult to see visually than many other celestial objects, so 
that we must resort to photographs in order to see the finest 
detaib and structure of these far-away units of the universe. 
Innumerable eztra>galactic nebulae can be reached by 
photography, yet relatively few are bright enough for 
satisfactory scrutiny. It seems that the number of nebulae 
increases as the brightness goes down, and on astro-photo 
plates, many thousands are recor<led as small images 
scarcely larger than stars. 

Elliptical nebulae may assume various degrees of flatten- 
ing from nearly spherical shapi*s tike NGC S579 to fiattem-cl 
or oblate kinds, u Messier SS. then to spindle forms 
(actually ellipsoidal) like NGC S115. Elliptical nebulae are 
concentrated and probably contain elemental star or cosmic 
material, but do not manifest resolution into stars. They 
fade away in luminosity from those with bright nuclei to 
those wi^ boundaries ill-defined. 

The spiral nebulae^** island universes*'~are famous 
objects that have interested astronomers since about 1S45 
when the Earl of Rosse scanned the heavens with bis great 
fi-foot reflector in Ireland- They fall into two classes, the 
normal spirals and barred spirals. Of the former the best 
represenutive is M SI. the Great Nebula b Andromeda. 
They have a nucleus with a large region of nebulosity sur- 
roundmg it, often with knots of nebular material, and they 
seem to be m various stages of evolution. At first the 
nebulous material appears not to be found resolved mto 
stars, but m the later stages resolution reaches even the 
nucleus. The shapes Imply rotation, but we cannot observe 
that directly. 

The Great Nebula b Andromeda is the only spiral seen 
clearly with the unaided eye. With low telescopic power it 
shows as a very misty ellipse whose diameters enend 15' 
to $0' of arc in the In reality the great system is an 
enormous universe m itself, bclbed about 15^ to our line 
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of vision. Only tibe central condensatios can be seen with 
very low power. It ia the nearest of these island universes, of 
the order of 800,000 light-years from us. Actually, not over 
five galaxies are within 1,000,000 light-years of the solar 
system. Messier 81 is an enormous system: the denser parts 
are perhaps 40,000 light-years across, and this is but half 
the real length, for it takes hours of exposure on the photo 
plate to pile up an image. Enough mass is represented in 
M3l to make 10,000,000,000 suns like ours! This nebula 
is supposedly comparable in essential ways to our own 
Milky Way system. 
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Evw tie enormous Andromeda nebula is but a single 
example. It is held that within a sphere of radius lO,OOO.CH)0 
light-years, there are over 1000 galaxies with dimensions 
and properties that we can determine. At present the 
greatest telescopes reach out into space to the inconceivable 
distance of 1,000,000.000 light-years and within this sphere 
there are untold miiliont (^falaxiei of stars. 

A few of the spirals (like NGC 4565 Comae) are seen 
exactly edgewise to uj. They often have a dark rift running 
across the long dimension, which is probably absorbing- 
matter of the nature of the dark nebulae; and sometimes 
the black streaks are sharply enough defined to appear to 
cut the nebula in two. 

The barred spirals also show evolutionary stages, the 
last stage presenting an s-shaped spiral with thin arms hav¬ 
ing its matwal resolved bto stars. In all specimens of this 
type there is a broad bar extending across the nuclei. 

The last class of nebulae, the irregular extra-galactic type, 
are represented best by the nearest and brightest of all 
those in our stellar system—the Magellanic Clouds. They 
ore too near the south celestial pole to be seen by northern 
observers but are clearly visible to the unaided eye from 
the proper latitude in the southern hemisphere. 

The Greater Magellanic Cloud is in the constellation 
Dorado, and is 75,000 light-years away. It is an enormous 
object, of diameter 18,000 light-years including the outlying 
portions- In it are 500,000 giant stars or over, and probably 
many times more smaller stars. The Smaller Cloud is in 
Tucana, at a distance of 84,000 light-years, and its over-all 
diameter is about 12,000 light-years. 

The Clouds are typical insular nebulae and are not 
duplicates of the Milky Way—not showing the spiral 
organization that is supposedly so characteristic of the 
Milky Way and of the external galaxies. But they can be 
highly res^ved into stars, do resemble the star clouds in 
the Milky Way, and contain various types of ststfs, clusters, 
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nebulous clouds, etc. In the large cloud ia 30 Doradus or 
NGC 2070, a diffuse nebula and the largest known object 
of its kind, the diameter being 260 light-years. 

It is noticed that stars are not the only thing on the 
celestial vault that can be organised in double or multiple 
systems, for double and triple nebulae are by no means 
lacking. The Whirlpool Nebula (M 51) is double? M HI 
with companions (M 32 and NGC 205) is triple, while the 
Milky Way—our own great stellar system—with the two 
Magellanic Clouds as companions, forms a triple nebula. 

In observing star clusters and nebulae with the telescope, 
large aperture is the first essential, that we may gather the 
greatest possible amount of light, and magni6cation comes 
next. With a 0-inch or larger gloss many objects are defi¬ 
nitely within range and with such a diameter, glorious 
views are obtained. 

We give below a list of many of the very best star clusters 
and nebulae adapted to a small telescope. Others can be 
found in Webb, CtUtiiol Ohjccisf&r C&mmon T4U$ccpei, and 
Olcott and Putnam, Fifid Book lh4 Skw. Our Appendix 
IX gives the complete list of Mc.ssier objects. 

Selected List of Nebulae and Star Clveters 

The following la an observing list of moat of the very beat 
nebulae and clusters in the heavens, for telescopic observa¬ 
tion. A wide range is selected, from those of naked-eye 
visibility to some needing a medium-sized instrument. 
Naturally the naked-eye objects will be seen to far greater 
advantage by using a telescope. 

In designating the object’s number, M stands for Messier; 
thus Messier 1 is number 1 in his famous catalog. NGC 
refers to Dreyer's New Oeneral CaUUa^ue, which designation 
is the one ofteneat used by professional astronomers. H 
refers to Sir William Herschel’s catalog, the numbers follow¬ 
ing the H being his original numbers. 

The most outstanding examples of the various types of 
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nebul&e And cliuten are given, and some of tbem will be 
recognized as objects pbolographed with the world's largest 
telescopes. The list incoiporates nearly every one of the 
list of the 60 finest objects of the sky, as offered by the well- 
known observer, William H. Pickering. Poignant remarks 
are included from certain pioneer observers of the past, 
including Webb, Smyth, etc., In order to point out leading 
telescopic features of the nebulae and c)\istcr8. 

NORTH CIR(*t'MPOLAR RRGIOKB dion. VT) 

M SI, NGC 2S4. Th* Gr«»t Kebpbi m AsdraBe<U. Thw flrtcd u TUble 
10 tb« aAk«d vv M • kur *‘««r** Md it Ili 0 bHcti(e>l qHfm] in Ukr A moit 
interwUBf ohjoet: wiih lev loWpk povrcf. 4 Wgo hfi^l flliptioJ n<hu)ouA 
mui: mon doUil ood isirel ttrocturt ore seen viUi lorsrr inMnimenta orid 
porLi boeoDM mvlTed late oUre viUi lh« peotert Ul«oc«pM. In mmt fteld» >a 
lew power, i* o ootoll. bright aotoBlo eebek (U $t), oad ooor^y H,V It, o 
brge foiot o«b«U. 

H.VI W. NGC ITSt. SUr eluMer la CiMopda, 4 larsD dead of moll oure *'en 
0 ireuad ol «t 4 r du«C” <Saytli)— ‘'4 ^erioea uioablop ... with rpeogly 
nyt ti •t4n . , . 4 tiM rogioA ol inoj^rMble opkvdor Serrrtl 

other duMen 401 ! oUr Soldo ia ddo CMoUlkllea. 

H.VI IS, NGCSaS; H.VI S4. NGC 814. Chi^ la Wroeui. DoubU itor diuter, 
viable to naked Sitbor om b 4 fpioeMlid gmep, end. undor good obeorving 
eonditloaa the pair u eoo of tbo oNot brflUaat end )Oce 1 acetor objevta of lie 
kind. No4r>by i» M S4, • dootor juH v W blo to the naked and 4 fine dght 
for low nagniftealioa*. 

MS], NGCSOSli M St. NGC SOM. Dedt’e Nebulae, in I’m Major, apart, 
MSI ii bri^t with Sa« eOiptia] fena. baviag daotiact auelear ar^ Mt 
Wliea pbotoa pteturo It wkh eitnordioary beauty, eater wbirli ehoving 
rtrang epiral morememt. M SS ia loag, aareow, asd faiatar, but ta rierptiosal 
objeoL c fow od b/ da^ baade. 

M07, NGCSSST. Tbe Owl Nebala in Una Major. A large, round pleartary 
aebulo. callod romarkable by Webb. mkI looki^ oooievhat ewMike. AIm in 
Una Major ia M ]SI, 4 larga and faiat nebula. 

M51, NGC SIM, Tbe faneu Wbiripool Nebuk ia Cmtm VoMtici. and a 
r^ra] pblurod la maar books. It io a aagnifceat object, the fiaeot of ha 
and acen oearl/ « jdaa view froo tbe earth. Baa centra! eoodaoeation. diatiDct 
apiral artoa and at oae end another condeasation, the two audn the 

nebula appear deoble. But the apiral strvetare ia not rev^Jed viaually exttpt 
in tbe largest tcleacepeo. Tbia amaring outer uiTerea has been likened to our 
alelkr apatea. the MOkj Waj. Aaotbv 90 ml. U 94. ia ahe in this eoiiAt<Ui> 
ties; it if bright but not large. 

M M, NGC 6S41. A fine globular atar Haater ia HercuJa. with luouaoua <oat«r. 
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CENTRAL REGIONS (See ehtfU. pcges tOfl to CO0) 

n.V 1, KQC 269. SpinI o«bu}o is Sculptor. Ver7 lorfe; th« next bri^toitof the 
apinli ofter 6if 

M 99, NGC 699. Spirol nebulo in Tntogulum. Very Itffe but not cloorly defia«<l, 
tad oeodins low telotcopic power with Itr^ tperture. CtUed t Tory 

curious object by Webb, full cf (UuU io eplnl itructure, with nebulous cob> 
dentations. BnautUuI ia largO'teleteepo photot. 

H.VJ192, KGC 769. Star clutter io Andromeda ( uousually Itr^, with larger 
stars soattored about. A rich region. 

H.IV f4S, NGC16S6. Planetary nebula in Kridanus.Vsry fiae;bright and firayiah, 
IaisoII says a most extraordioary objeot. A faiot star la tbo canter. 

M ]. KGC1968. Tho Crab Nebula in Taurus. A Rne object, large, irregular and 
paarly white. In this eonsteUalion is another osbida. NGC 1496, a falst 
hacisest iavolviag some of the Pleiadi.u. This nebulosity ts so weak that it 
cannot always be seen in telescopes, but la revealed la photos. Also in Taurus 
are the Hyadea and tbo Pleiades. s^U«koowo opea elusters (too text). 

M 42. KGC 1976. Great Nebula In OHon, A vaat gaseoxti nebula and one of th# 
most wendorful objeeta la tbo heavens. Called by Picksriog undoubtedly the 
6asst in the haavsns. Visible to tbs naked eye and easily observed. Here is 
fouad the fasdaatlag colorsd multiple star. Theta*ons Orloaii. kaowo as the 
trapcfiuiD. The nebula is greenish and of irregular form. Much detail with 
braachest rifts, and bays; and the entire nebula with Its stars repays long 
observation. In OrloB are also M 76 and other objects Including KGC 1961. 
obs of Pickering's flaest objeota. 

M 76, KGC 1904, Globular itar cluster in Lepus. Fairly bright, milk-white, and a 
**flM object, blailng toward the canter", and resolvable into stars. 

M67. KGC 8099. Star cluster io Auriga, Smyth says, *'A mageiheent cbject. 
the whole Ae!d being strewed as it wers with sparkling gold>duit ... It 
resotvea into laBaitely nlDuls poiolsof lucid light . . . 

M 96. NOC 1918. Star cluster in Auriga. Mas an unusual sbaps. forming an 
"oblique cross with a pair of large stars la each arm" and oot at the center. 
The whole region Is attraeliv« ia binoculars, with other eltuters in sHo the 
pentagon of Auriga, Including hf 96. a fine one with a double star. 

hf 86. NGC 8166. Star cluster la Geeunl. seen with the naked eye onder favorable 
conditions. Lasaell says it la "a marvelously rtriking object. No ooc can see It 
for the first time without an exclematioo". Faint stars form curves and fee* 
toeoi. with a reddish star ia the center. Superior to the Psroeus clusters. 

H. IV 46. NGC <996, Planetary nebula io Genial. Called ourioas and remarkable: 
a star of oikgQitude 9 or 9 enveloped ia a bright aebulosdty, 

H.Vn 8. KGC 6844. Star duster la Moaooeroe, viriUo to the naked eya Very 
pretty, with stars of various magBitudco. including a yellow star. 18 Mono* 
cerotia. In hlonoeeros is also b£ 66, a bright duster, superb, with a ted star. 

M 41, KGC 9897, Scattered star closter la Canls Major, but a fine group, seea 
whb tbe unaided eye, the etars dividing into groups and curves with a reddish 
star near tbe middle. Called superior to the Porscus dusters. 
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U44, KGCS08S. Pra«9iep«, ihe Beehive duster ia Canrer, This open ducter 
contaifis hvndreda of unAll stMi. lo a rery dMr sky it is seen with the naked 
ey« as a hasy object. Neftf'by is M 4?» a&otker open cluster, with curs of 
nijttb aad fainter ma^ltudes, partly endrded by briihlev stars. 

n.lV Vf. KGC $24i. KcLf Nebula of Hydra. A planetary, very bright but small. 
Called remarkable. Secchi described a circular nebulosUy, with two clusters, 
and arches forming a ring. Needs high mafnlfication. 

M fti}» NGC 99d]: aad M 96. NCC 8968. Two large round nebuloe In Leo. M 05 
being bright. 

M 99| NGC 4264. Triply branched spiral nebula in Coma. large, bright, and 
called very remarkable. In Coma and Virgo are a pmfusinn of bright orbulM, 
etc., as M 4(^ M 51. M H4, M M, M 8T, M nn, M DM, and suany ireriw'hcl 
oumbera. as It.1 81 and ll.IiS. 

M4b. N(IC447g, Nebula in Virgo. Largo, bright, round, and pearly, slluatod 
between two bright telosoopio stars. 

M 68, NGC 40OQ, Glnbular star cluster In Hydra, south nf f'orvus. Well resolved 
into sUrs. with raedium telescope. 

1I.V 24, NOC 4585. flpiral neb\kla In Coma, seen on e<lge. A long, peculiar object, 
with central ecndemutlcm, the whole nebida appearing cut In two by a great 
dark band of obscuring matter along iti edge. I.ike many nehulM, Beads a 
P*inoh teltaocpe lo be seen to advantage. 

M84. NOC 4828. Nebula in Coma. Called magnldeent. large, bright, and 
conspicuous. Smyth aaya. "blaalog to a oueleui"; the fornt Is splrsi. 

M58. NOC 5024. Globular star cluster in Coma. A mass of minuta stars and 
*'star duit”j but rcMilvshle with medium ioatrumenu. Sbova **cuTvad appea- 
dages of Atara“ running out from it. 

M 88. NGC 52S6. Triply braachod spiral sebula In Tlydni. Called by J. TSerschel 
very bright, very large. Nuclear condensation near center, aad the entire 
nebula of a'Shape backward. 

M 8. KGC 5972. Globular star cluster In Canes. A beautiful, bright aasemblage 
of stars; a noble object" (Smyth); it "blas«« splendidly" toward the center, 
with many outliers. Besolved with about 8*lneh rafleetor. The cluster Itself ia 
large. b«ng hundreds ef light-years in diameter. Photoi reveal 90,000 stars, 
aod thoM are only the brighter once. Alio in Canes is M 04, a "comet-like" 
nebula. 

M 5, KGC 5904. Globular star duster in Serpens Caput. Rated by Pickering as 
only slightly inferior to M 18. Smyth says. "This superb object ia a noble maas, 
refreshing to the senses after searching for faint objects Baa a bright, 

central blase and ouUien in many directions. 

M 80, NGC 6098. Globular star duster In Seorpius. A compressed mass of 
stellar points remindiag early observers of a comet. William Herschel esUed It 
‘*tbe richest sud most coadeosed mass of stars which the firmament can offer 
to the eontemplatioQ of aatro&omen'*. Other Scorpiiu objects include M 4. a 
cluster of small stars: M 6. an irregular cluster: and ItfT, a bright duster- 
one ol Pickering's finest. 

H 19, NGC 6905. Great Star duster in Hercules. Globular. Generally con* 
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sidered th» fia«st nUr cluster m t£i« northerc heftvenj. Viitbk the luked eye< 
An smtang right; the outer sUrs ue resolved in 4 smell telesco;»e, sod with t 
Isrger riess the enuencuag beeuty the greet globe o( sters is reveeled. 

M 12, NGC 82lS. GlebuJer sur duster In Ophiuebus. A rich, doe, briglit duster. 
>rith centrel coudenintioo, end slers rMolveble. Also in Ophiuebus: M 10, 
esotber rich globuler, eerily resolveble; M 10 , e globuler; hf 9, e globuler 
rdlh "e myriAd of minute ster***; M U, e lerge globuler of minute nlers; nnd 
M 92, e globuler duster in the soulhvMt corner of Ophluehiis. 

M SO, NGC 9514. Tbs Trifid Nebule in SegitUrius. Difhsse type, very Urge end 
bright, end di^ddsd into Intguler secUone by desk teaee. Celled e renurkeblc 
end curious nebuU. With double end multiple stem. 

M 2, NGC 9529. The greet Legeon Nebule in RegitUrins. This <liiTuer galerlie 
nrbule is visible te the neked eye. A Urge, bright, end very singuUr body, 
neerly ent in tvn by e centrel derk Uee. Verious bright end nrSulous MerM 
nppeer involved in the nebule. A megnihetmt cbjoet In ]nng>evpnifurr photos. 

M 24, NGC U09. Open ster cluster la S^tterius. A beeuUful stdUr Arid, end k 
rich pert of the Ullky Wey. 

M 17, NGC 081S. The Uors^oe or Omega Nebule In Segitterius. A very Ane 
object, of erehed form, vith en intereeUag group oi stem. A rUh Milky Wey 
Nrion. 

U 22. NGC 9850. Globuler ster duster la Segiturige. Celled the finest duster 
sfler M19, visible from northern Utitudes. Bright end very fine, cnmpoKd of 
tentb'isegnitude esd felnter sten, so coiopect that the ebicet U visible te the 
Bekfid eye. Segltteriui hes other nebuUa end dusteri; M 21, e coeme clueter of 
teleeeopic stem M 20 , eacther irrcguler, eoene cluster; H.1V51, e pele^blue 
pUnrtery nebuU; M7U, e globuler; M IB, e glorious star duster; M H, e 
globuler much eendeiued; M 75, e globuler with bright Budsus, end the most 
'‘open ” of the large globulers. 

M 11, NGC BTOd. Ster duster la Scutum. A Bas geleetic duster, ermlglobulsr, 
ie e iter doud visible to the uoeidsd eye In e derk sky. Aa riglilh*megnitude 
ster aeer center, the other sten being felnter. In Scutum ere eUo: M2B, e 
coeree duster: H.l 47, e beeutiful globular ster duster. 

M 57, NGC 07tO. Famous Ring NebuU in Lyre. Pleaetery typo end a striking 
object io eny tdescope of eperture 4 ioebes or more. Appears jiut like e smoke* 
ring; this ring is probably e treosluecnt geseeuj shell. In large eperturrs, a 
fllteeoth-megnitude star la center. 

M 27, NGC 8B09. Dumbbell Nebule In Vulpecule. Planelery type, vary Urge 
and bright; picked up with very lew power as two besy patches of light. 
Assumes e dumbbell eppeerence In larger apertures, and e complete dUc can be 
photographed. Thirteentb-magBitudo star seer center. 

H.V 15, NGC 8280. The Filamentary Nebule. Also H.V 14, NGC 8022. The Net* 
work Nebule. Togetbsr known as the Veil KobuUo in Cygnus. Often pictsred 
from Bit. Wlson photos with the lOO-iach teleicope. Both '’remerkebU 
objects'* appealing in photos as lecework against the sky. 8290 is pretty 
bright esd Urge, while 8222 Is faint. They belong to the dlfluse type and arc 
best sees in a large glue. Zt U thought both are really one great acbula. M 82 . 
a looee open duster, and the frint North America Nebula are also in Cygnue. 
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H.rV 1, NGC ?OO0. The Septum KcbuJe ia Aquariut. A plaoeUr/ and one d the 
finest epMimeiu—also bright for a planeUry; Drtyer calU it magolficent' The 
color is pale blue. 

M \6. KGC 7ff7S. Globular star elueter in Pejtaeiu. A '*noble dueler"; a fine, 
Ur$ei bri^t globe of elan. 

M 90, KGC T009. Globular eUr cluner in Caprieornus. Palo «bite and fairly 
bright; elliptical, with a "central blaeo": furme a nice contract wlUi a eUr 
hecide it. Rasnivabla into stam, with medium apertures. 

M fi. NGC TOUA. Globular slur cluHtcr in Aquarius. Its maimificent strllar com* 
ponenu roHolvahle in 04nch or largrr inatroment and affordbR a uuperb view. 
Also In Aquarius, M Tfi, a fine globular star duater. 

SOimt (^taCl'MPOI.AU llWnONS (See ehart, page OT) 

4TTuttnae, MGIMM. Globular al«r cluHier. A most magnifieent clustor (J> 
llersehcl), a atupeiutuiv object (Webh), by far tbo finest nf sU globular dusten 
(Pldeering), A round ball c»f cutintUsa star* of magnitude ]fi Co 14, One of the 
neemt ginbuinra, 

NGCfiO70. Tho Greot T^ped Nebula surrounding the star W Dormdui in the 
Greater Magellnnlo ('loud. A diffuse nebula, tbs central part vsry fine. The 
largest Irregular nebula known. Visible to tbs nnked eye. 

KGCifiJfi. Star elustcr In Carina. Large and brilliant; vleible to the naked eys. 
A reddish iiar within. 

NOC 8U4. Star elustcr ia Carina, eocnparable to one part of tbo rarseui double 
eluster. Very large, the loose type, and visible to the naked eye. 

KOC fifiTft. The Keyhole KebuU, surrouniUng Kta CarUiae. Diffuse type, nod 
braoebing, Ono of tho largest and brightest of the nakod>eyo nebulae. Good in o 
jmdl tsiescopo; aoeds n large field of view, 

KGC Irregular atne eluster in Carirvn. Very brilliant and large, and held by 
Pickering as by far llic finest Irregular cluster in the sky. Needs a wide field of 
view. 

KGCdPlfi. Pknotary nebula lu Csnlaurus. "Beautiful rich blue" (Vfebb). 

NGC47M. Star eluslar In Crux. Striking and beautiful, with ssreral eolorsd 
stars. 

Ocnagn Centaur!, KGCfilM. GlobuW star duster. Usually known as the 
finest globulor of all. J. Hsrschel called It "the richest and largest object of its 
kind in the haaverts ... the stare are literally inoumerable". Held to be the 
nearest of tbs globular clusters to uj, m well as tbs brightest known. 
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BQUATORIAL C0tJariSt4.AfWNB 

The four cherte herewith conetllute the equatorial band ef conitellaliona, 
eirUadlAi entirely orouiui the elry ia a cylindrical foehloo oe far oi 40* of declina* 
tion on either aide ef the eeleatial equator. HoKh ia at the top uf the chart, south 
at tha boltem. eoet at the left, and veal at the H|bt aide. 

Thaw ehorta. te^bar wUh Ibe north *ad the aouth olreum|>o]ar charta. ahow 
all the ooDiteUaliona. Kot oil tha iDdieidual rttra, faewerer. ore drawn, but only 
aaougb ef the bHghtor odm to anabl* the ebaarver to idaatlfy tha aUr groupa, 
by raeana ef the gaomatrical pattema. 

At any ono moment, not all the group# ore eiaibk for the aeetloa ef the cob* 
atellationa near tha aun arc lavlalble. be^ag In the daytime aky. To locate the eec* 
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EQUATORIAL COfieTBLLATtOSS [Ctnlinvti) 

tioo Uu hMvens vi«ibk on % cerUln msiaf, w« ntoe to the me&Lb At 
the bottom of tbo oliort. The orwvr isdicatee tho poeilioa of Lho celwUd jneridUn 
At 9 p.m. locA^ time on tb« flmt of tho Mepoclive month. An hour IaIcp, thou eUr 
of n|ht 4se«&jioo cAel of the 0 p.m. group erill hovt moved to the 
mcrldiAD. Thue tbore ie * comoIom proceeeioA of eUre Heing in tie eoet end 
Mttiog IB tb« weft. 

At the top of the ehortf tho right Mcen^n Ie in*rked Id houre etad minuteo. 
while on the eidei. the declinAtton In degrcM is iDdieoted. The tope of tbo mope 
ooDoeet up with the north ciroumpokr chute *t the lAme ri^t aemHon. Aod 
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e^UATORIAL COSSTSLtATIOyS (Contvwtd) 
boctoaii ooimoet wltb tha corfof(>oo<iioB rofioai of lha oouth clrcumpo^&r 
ra^w. 

To or^t ofiMolf pro^l; bf mooni of tbwo chArU, «« &oio Kut Uiab thi flnl 
two chtftj MO to bo used togothcr, for thojr oxtood from rifht uooBolon 0* to 
R.A. Similorlyi Uu next two chuto /orra oa uobrokoQ mop, oxtondio^ 
from ILA. IS^ to H.A. S*>'; oUo tbo two oorioo Boturolly connect ot ii.A. IS*'. 
Next, bf boldiaf o cbwt rcrtieolly with tho proper moridioa in view, U lo 
found thot tbo cbirt correspondo to Uio huvons ne»r tbi merldjon. But whoa wo 
eoaoider porto of the etieotlol opboit aooe the rioiog or the eetling point, it will bo 
found tbot tho hour-otroleo on the okj (nproooslod bj' the Torticnl line* on the 
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k^VArORJAl COHaTRlLATJO^ia i.C<mcUi^ 
diMti) intvMot tho horifon ot an utf!c. except when lh« obeervtf it 4t the 
leofTtphie equftUr or the eerthV polee. CoAecqwontIr the chert muet be 
orientoJ or t(lte4 eo Ihnt the hMr>clMlee elwn^e point ia the nortb*4ad*«outh 
direction oq the celaaliA] iphere. for a rincf ob)e«t in the northern hemisphere, 
therefore, the top of the eh^rt le tilted to the left, and for 4 Mttlnf object to the 
vi|ht. At the earth*! e<]U4tor, one would tilt the chart M* from iU prcMatpoeftioa 
00 the peso. 

the cooitelletloB greupa there will be found the ster eluatere end 
eebulee deacrlbed in the foregoiog lists of these objeota* 
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RainbowSi A^urorAS, And 
Oilier Wcndera 


R ainbows, sun-dogs, moon halos, auroras, and northern 
. lights appear in the sky from time to time. All of these 
really occur in the atmosphere and could not be seen from 
a planet that had no air. Often considered with these arc 
the zodiacal light and the gegenschein which are, however, of 
a truly astronomical nature. 

Most spectacular of all these are the northern lights or 
aurora borealis which have their counterpart south of the 
equator in the aurora australis. Of all types, you are most 
likely to see that featuring broad, low arcs above and 
parallel to the northern horizon. From this base, moving 
rays that seem like searchlights flutter through the heavens. 
A rarer but more beautiful appearance that may displace 
the arc is that of a gigantic curtain which seems definitely 
to have three dimensions. But the rarest and most beautiful 
of all is the auroral corona, in which multicolored streamers 
radiate from a crown of light at a point almost overhead. 

Most auroras are yellowish white with shades of green; 
some are red and pink, and an occasional few are blue. At 
other times the effect may he totally di:?erent with all the 
colors of tie rainbow thrown together in a weird hodge¬ 
podge of shimmering curtains and heaving arcs. Often on a 
night when the aurora is visible it appears first as a faint 
glow on the horizon, but as the observer watches he finds 
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TBB tiORTUBIUf AURORA 

A MC^Ublo 4ppoinj3«4 of tho Aurom boroAlli, or Dortboro KjHU, ia which 
nickcnn^ coJorod vcrilcal ftroaman cfOM ]ong eorii ama ovor the dorlhon 
honuo. (Dnmng iy Twnht, CAerJM Sorihu/i Sent.) 

tUa breaking into an arc and occasionally into auccesaive 
arcs tiat riae to the zenith. Uaually» however, when the arc 
has appeared and ia easily defined, a ray perpendicular to 
the horizon appears. It is joined by still other rays that 
finally shimmer like a fan, sometimes for many hours. Com¬ 
monly these are the pale yellow type that shades into green, 
but sometimes they acquire brilliant color. Auroras of this 
type can be seen at any season of the year and sometimes 
reappear for several nights in succession. 

The average frequency of auroral displays is about IS to 
15 a year for any one locality in the middle northern 
latitudes. Observers in various parts of the world have 
reported personal observations of 100 auroras in 15 years, 
while other reports have increased the number actually 
visible from such a place to twice that number. 
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Although it is impossible to predict the re&l times of 
appearance of the aurora or connect them in any way with 
the fluctuations of the seasons, there is a deflnite relation^ 
ship with the spots upon the sun. So deflnite is this correla¬ 
tion that, if a lar^ black spot is seen approaching the solar 
meridian, one can be fairly certain that an auroral display 
will follow very closely, for seldom does such a spot pass 
without an aurora appearing within i or 3 days after its 
solar-meridian transit. If this same spot should survive one 
rotation of the sun it may bring a second display In its 
wake. And furthermore, the relationship is demonstrated 
still more clearly by the fact that when sun-spots arc plenti¬ 
ful, displays of the aurora are also frequent. In fact, the 
northern lights seem to wax and wane in frequency with 
the rise and fall of the sun-spot cycle. II you observe a fine 
aurora, then look next day at the sun, and you will doubtless 
see some noticeable spots. 

The close correlation of spots and auroras has led to a 
reinvestigation of their relationship. It seems now quite 
certain that the aurora is actually caused by radiation from 
the sun-spots. A stream of electrons hurled out from the 
solar cyclone reaches the atmosphere of the earth. There, 
striking the rarefied gases in the upper atmosphere, it causes 
them to glow and to vibrate. The effect is one similar to 
that produced In neon advertising signs where a rarefied gas 
as animated by an electric charge so that it glows. 

The auroras are an electromagnetic effect, and supposedly 
streams of electrons from the sun are drawn along lines of 
force toward the earth's magnetic poles, resulting in the 
apparent concentration of auroral displays In the northern 
skies. The north magnetic pole, however, is a long way from 
the geographic pole—at latitude 74®N. and longitude 07®W., 
in extreme northern Canada. The aurora is visible in. lati¬ 
tudes quite distant from the poles and best seen in a band 
that runs from the middle latitudes to the arctic circle. 
Occasionally outbursts are seen as far south as Bermuda 
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and also in tha polar regions* but they occur most frequently 
near latitude 60^ both north and south in the ivestero 
hemisphere. Very definitely an atmospheric effect, the 
aurora occurs within the air and is observed between 40 
and fiOO miles above the surface of the earth, averaging 
about 00 miles. These measurements have been an im^ 
portant factor in establishing the upper limits of the 
atmosphere. 

Related to the auroral disturbances and no doubt directly 
influenced by the sun-spots are disturbances in the compass, 
interruption of radio and telegraph, and closely associated 
phenomena. At times of great auroral displays, there are 
tremendous disturbances In the earth^s magnetic field, 
known as magnetic storms. Magnetic compasses vary 
several degrees an hour. At times, too, radio reception, 
especially short-wave, U afiected and sometimes completely 
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cut of!. Long-distance telephone cables are also disturbed 
becaiise of this electromagnetic excitation. 

A wealth of folk-lore has grown up in the various coun¬ 
tries where the aurora is best seeti> and consistently included 
in this have been the stories of sound at time of the aurora. 
It is likened to the swish of a silk dress, or the wind whistling 
in a ship's rigging. At present the problem is perplexing, 
because equally reliable witnesses have given conflicting 
reports as to any audible phenomenon. Probably the best 
suggestion is that the supposed effect emanates from a 
“local brush discharge” of electricity from bushes or snow 
in the vicinity, similar to the electric discharge from the 
mast of a ship. 

Rainbows are almost as well known as the sun and the 
moon and are frequently seen in the wake of a rainstorm. 
They come when the sun peeps through rain clouds, and 
can be seen, too, as the sun strikes the spray from a lawn 
sprinkler or wisps of a fog. Such a display may be seen in 
the west after a morning shower or in the east after a down¬ 
pour in the late afternoon. Since rainbows in the popular 
mind are most commonly associated with summer afternoon 
storms, they are usually looked for in the east. A rainbow 
is a group of circular or nearly circular arcs of color that 
appears as a huge arch in the heavens. No two persons, 
though they may be standing side by side, ever see the same 
rainbow, for the bow is an arc of a circle whose center is 
on the line stretching from the sun to the eye of the observer. 

The ordinary rainbow is an arch of various colors with 
red on the outside merging into orange, yellow, green, blue, 
indigo, and violet. Usually the radius of the arc is equal to 
about one-fourth of the visible sky, or to the red. Once 
in a while there are two rainbows—the secondary with a 
greater radius than the first and the order of the colors 
reversed. Usually the secondary bow is fainter and disap¬ 
pears more quickly than the primary. Observers note that 
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the space between the inner and outer bows is apparently 
darker than is the sky entirely within the are of the rainbow 
or the area entirely outside its sphere of inhuence. In addi¬ 
tion careful watchers observe that the ares themselves 
vary in width and that the colors even in the same bow are 
of variable purity. 

Itainbows result from the refraction and reflection of 
sunlight by raindrops in the atmosphere. Each drop is a 
prism in miniature breaking the light into various colors. 
The primary bow is due to light that enters the upper part 
of the drops and leaves after one internal reflection, so 
this bow is always brighter than the secondary bow which 
undergoes more reflections. 

Most rainbows are caused by sunlight and are seen in the 
day, but occasionally the observer is rewarded by a glimpse 
of a moonbow. So rare are these that sometimes one can 
hardly believe his eyes. 

There are sometimes halos around the sun and moon; 
they usually have a radius of W but sometimes 4$*. 'Fhey 
sre commonly soft white circlets in the sky> caused by 
reflection of sunlight or moonlight from ice crystals high 
up in the atmosphere. 

The moon halos are similar to the sun halos which arc 
similarly produced in the daytime sky. There arc tnany 
variations, however, and although the moon halos Helrlum 
have much color, the solar phenomena are sometimcH vivi<l 
circles of color with red on the inside and bluish white on 
the outside. When other circlets form on the cireumferenoe 
of the primary circle, a comparatively rare occurrence, they 
are known as mock suns or sun'dogs. The colorless halos 
are caused by r^Udion from the surface of ice crystals high 
in the atmosphere, and the colored ones are produced by 
prismatic r^^o^ton through the same crystals. 

Travelers to the north and south are often puesled by the 
length of twilight in these different locations. Explorers in 
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equatorial regions report that night follows day very 
swiftly, while visitors to the arctic regions observe that the 
period of twilight is prolonged through several months. 
Astronomically twilight is defined as ending at any point 
upon the earth’s surface when the sun is 18 ^ below the 
horizon. The time it takes to get there varies with the 
latitude and time of year. In the middle latitudes twilight 
usually lasts, and dawn too for that matter, to hours; 
in higher latitudes even longer. The vital factors controlling 
this variation are latitude and declination of the sun. At 
the equator, the variation of twilight from one time of the 
year to another is not over d minutes; at latitude 44^N., 
the twilight or dawn may be 49 minutes longer on June 
than in October or March. 

The existence of dust particles in the aJr is responsible 
for the twilight and dawn effect. These reflect light from the 
sun after it has set (and before it rises), filling the sky with 
sunlight even when the sun is invisible. These same dust 
particles, denser at the horizon where more air lies between 
the observer and the stellar object, absorb much of the blue 
end of the spectrum and therefore turn objects low in the 
sky to a reddish hue. 

Again we consider the dust content of the atmosphere for 
a partial explanation of a phenomenon so commonly ob¬ 
served that it is considered no phenomenon at all. Thu 
blue color of the sky is atmospheric; that is, the color is 
due to the selective scattering of sunlight by dust particles 
in the air. The particles ore large enough to reflect the blue 
end of the spectrum, but too smaU to reflect the longer red 
light-waves at the other end of the spectrum. Dust particles 
are responsible for a large part of the blue color that we see 
in the sky but, it should be pointed out, the molecules of 
air composing the atmosphere could produce a bluish tint 
in the sky unaided by any other agency, so a planet, if it 
were airless—like the moon—would have a black daytime 
sky. 
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ScintilUtion (tvinldiiig) of the st&n—and even of terre£> 
trUl objects. occastonAUy, when they are viewed through a 
telescope—is also a phenomenon of the atmosphere. There 
are really three effects^'* dancingof the object, or change 
of position, changes of brightness, and a variation of color. 
When the atmosphere is clear and the temperature cold, the 
scintillation Is particularly noticeable. The cause lies in the 
fact that temperature, water-vapor, and density of the dif¬ 
ferent layers of the atmosphere are constantly changing. As 
the object's light passes through the air. it is refracted, or 
bent, irregularly—with the resultant effect of scintillation. 

Another important atmospheric phenomenon is the “lift¬ 
ing” effect of refraction which actually keeps an object in 
view after it has theoretically set, or allows it to be seen 
before its actual time of rising. The amount of refraction 
at most is about <1^, so that when the sun or moon appears 
to be resting on the horison it actually is just below it. As a 
result, the apparent rising time of celestial objects is ad¬ 
vanced and the setting time retsirded. 

The zodiacal light carries us beyond the atmosphere and 
into the regions of space on either aide of the sun. Scientists 
hesitated a long time before definitely ascribing a place 
outside the earth to this lighting effect, for its appearance 
is that of a long half-ellipse glowing dimly in the region of 
the ecliptic shortly after the sun has set in the evening and 
shortly before it rises in the morning. It would be difficult 
to tell merely by observation whether it were in the atmos¬ 
phere or not. It is now believed, however, that it is 
the reflection of sunlight from countless millions of tiny 
meteoric particles cKtending out in the neighborhood of the 
sun along the plane of the ecliptic. It is best seen in the 
tropics and least visible in the higher latitudes. Even here, 
however, the spectacle can be observed from places having a 
high altitude. 

This very fact indicates that the zodiacal light has a very 
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considerable surface brightness and certain regions m the 
extension may be actually brighter than the Milky Way. 
Careful observation in the twilight is necessary before the 
observer can actually distinguish the zodiacal light above 
tbe glow at the horizon. Yet it lingers after the night has 
well begun. 

The base of the cone of light may extend along the horizon 
for a distance of to 30^. sometimes even 45° at each 
side, and the light may stretch half-way toward the zenitli. 
Tfnder specially favorable conditions, when the sky is free 
from all arti£cial lighting, smoke and haze, the todiaeaJ 
band may be discerned running along the entire ecliptic 
some 5° to 10° wide, sometimes even 20°. The zodiacal light, 
for northern observers, is best seen in the western sky in 
late winter and early ipring^n the eastern sky in October 
to December. In the southern hemisphere, of course, the 
conditions are reversed. 

Along the zodiacal band at a point directly opposite the 
sun there will be found a region where the band is both 
brighter and wider than at any other point. Here it may 
reach a visual width of 10 ° or some iO times the diameter 
of the moon. This brighter section is known as the gtgan- 
soAsin. or counterglow, and it may be discerned at times 
when the band itself is not visible. 

Always the gegenschein is opposite the sun, and it moves 
through the aky as the sun does, but 12 hours (180°) behind. 
At midnight it should be found directly on the meridian in 
the south and is best seen between 10 p.m. and 2 a.m. The 
diffuse spot has an average brightness about equal to a 
sixth-magnitude star, so it b just within the reach of naked- 
eye observation, but the combined light of the area b equal 
to the brilliance of Sliiua, the brightest star. Because of its 
extreme faintness, it b best seen with averted vision. The 
observer, having in mind the place in the zodiac where the 
gegenschein should be» should look directly toward that 
spot and then turn his eyes slowly to the side. And slowly 
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returning his eyes he may be able to discern this large spot 
of haze. 

One of the leading opinions is that the gegenschein is a 
condensation of Uie zodiacal band and is caused by sunlight 
rejected from similar meteoric particles. Since these par¬ 
ticles are on the exact opposite side of the aky from the 
sun, they individually resemble a full moon, turning all of 
their lighted part toward the earth, and redecting a greater 
amount of sunlight—thus producing the concentrated glow 
at that particular side of the band. 
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Uniis of fte Universe 

O s AMT c\cu eveaiQg, from & ^ood v^nUge point* there 
Are certAln things tbet tn observer may see wiOi his 
own two eyes. OverheAd, there U the derk* inverted dome 
of the heavens* studded with whnt see'xna to be a countless 
number of stAis. Here and there are certain objects brighter 
than the rest* which do not twinkle as the others do and 
which seem to wander at will. These are the planets, and 
they are much nearer to the earth than any of the stars. 
Then there is the moon, a pale disc of light* which also 
moves about among the stars and which is much bigger to 
our eyes than any of them. The moon* m tura, is much 
nearer to us than any of the planets. 

Already, before darkness fell, the observer bad teen the 
sun, lighting up all the heavens, blotting out the light of the 
stars. Now, as the night becomes deeper, he may see in 
the sky a filmy band of light running among the stars as if 
it were a faintly luminous cloud. That is the Milky Way. 
OccasionaUy, the bUelmess of the sky is illuminated for an 
instant by the streak of a falling star'*—a meteor dashing 
to extinction. 

Were our observer equipped with a small telescope, he 
might turn it on the heavens and find even more. He might 
see that some of the stars are really twins, that here and 
there in the firmament are hasy patches of light that do not 
seem to be stars. These are the nebulae. And too, there are 
other hsay patches, different from these nebulae, called star 
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dusters. The telescope then might pick up another and still 
different object, afuizy-looking “star” with a twl. That is a 
comet. 

All together, these things are part of the visible universe, 
that port of the earth*s environment available for inspection 
to anyone interested enough to look- They are part of the 
universe, indeed. But what relation do they have to each 
other, and how, if we do not know, are we to solve the 
various ray stories they present? How can we say what and 
where they are? 

Not long after the invention of the telescope and the 
adoption of the Copemican theory of astronomy, men knew 
that the earth, together with its sister planets, moved about 
the sun. They were aware, then, of the solar system and of 
the fact that there were myriad stars beyond. But of the 
relative distances of those stars they were none too sure, and 
of their nature they were in doubt. It remained for the de^ 
velopment of new scientlffc aids before man's infringement 
upon the frontiers of knowledge could begin. 

And one of the most important of those aids has been a 
prism^^a triangular piece of glass which breaks up sunlight 
into a series of colors as does the beveled edge of a window* 
pane or a diamond ring. It does the same thing as a summer 
thunderstorm—produces a rainbow. That rainbow is called 
the spectrum, and that prism, with accessories added, the 
Spectroscope. 

In the beginning the spectroscope presented more prob* 
lems than it solved. For when the sun’s spectrum is thrown 
onto a large screen in a darkened room and studied in 
detail it appears to be crossed with sharp dark lines which 
separate the otherwise smooth band of colors. The nature 
of those lines of black remained a mystery for years, and 
when the answer was found It was found not by looking 
at the sun but by studying chemicals in the laboratory. 

The key to the problem was supplied by Gustav Robert 
Kirchhoff, a German physicist, who had been observing 
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mcandescent denents in gaMOus form with the aid of a 
spectroscope. Each element, he found, presented a sp<>ctrum 
of one or more bright tines in certain definlU relative posi¬ 
tions. No two dements bad the tame lines. If, for instance, 
be examined the light from incandescent sodium vapor, he 
obtained two sharp ydlow lines—lines of wave-lengths that 
could not be obtained with any other element and therefore 
served to identify sodium. 

Further, be ^scovered that if he observed an incan¬ 
descent solid or liquid—a glowing bar of iron, for instance— 
which emitted a continuous spectrum, and then brought 
cool sodium vapor between the light-source and the spectro¬ 
scope, something very startling occurred. Where the sodium 
vapor before had emitted bright ydlow lines in certain 
positions, it now removed them from the continuous spec¬ 
trum and left, in thdr stead, sharp black lines in the same 
positions. In other words, he found that when white light 
passes through a gaseous element, that dement tends to 
extract from the light those bands of color which it itself 
would emit when incandescent. 

This, then, explained the dark lines in the solar spectrum. 
Light, speeding out from the surface of the sun, passed 
through the cooler solar atmosphere; and as it did so the 
gaseous dements in that atmosphere extracted from the 
light the color hands they themsdves would have given 
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forth. Proceeding from these facts* &4troQomers had only 
to catftJog in the laboratory the spectral lines characteristic 
of tic elements found on the earth and then look for those 
lines in the spectrum of the sun. Doing so, they found that 
the elements observed on the sun also exist on the earth. 

On the face of this and other evidence, it is generally 
assumed that the earth and its sister planets were once part 
of the outer layers of the sun. Further research points to 
another fact, namely that the elements which are the 
huilding'stoncs of matter on the earth are scattered far and 
wide throughout the universe. Nowhere has there been 
found definitely an clement that does not exist upon the 
earth. 

While scientists were still enthusiastically developing the 
chemistry of the stars with their all-powerful spectroscope, 
they stumbled upon another problem. For a long time it 
had been known that the stars do move in space, for in 
examining the ancient rnaps of the heavens it was found 
that many stars had changed position the tiniest bit since 
those maps were prepared. By patiently noting the positions 
of these stars each year, astronomers were able to learn to 
just how much their annua) motion amounted. 

Which was all very well—but what about those stars 
which were moving directly toward or away from the earth? 
How to detect those motions? And bow about the motions 
of those stars which were approaching or receding diago¬ 
nally, whose motions were neither along our Ime-of-sight 
nor at right angles to it? 

The spectroscope held the answer. In observing the 
spectra of some stars, it was found that the spectral lines 
were displaced toward the red, and in other cases, toward 
the violet. There is a similar effect when a fire-engine races 
down the street. The bystander notices that its siren 
screams in a higher than normal pitch as the oar approaches, 
and then suddenly falls off to a pitch lower than normal 
as the car passes the observer. The same thing is charac- 
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teristic of & locomotive whistle or of the roar of an airplane 
engine ae it passes overhead. 

This apparent change in pitch, known as the Doppler 
effect, is quite evident to the bystander, although to the 
men on the fire-engine the pitch remains the same. The 
pitch of any sound depends upon the frequency with which 
the sound-waves reach the ear, and when the source of the 
sound approaches the observer, the waves are piled up so 
that more reach the ear per second than are actually given 
out at the source. Conversely, when the source is recoding, 
the sound waves are spaced more widely apart so that fewor 
reach the ear per second. 

A similar explanation applies to light-waves. When the 
source approaches, the waves strike the spectroscope more 
frequently and the spectrum shifts toward the short¬ 
wave violet; when the source is receding the waves are 
“stretched’" and strike the instrument less frequently, 
resulting in a shift toward the long-wave red. This was 
the message the spectroscope had picked up in the depths 
of space. It was telling astronomers which stars were 
approaching the earth acid which were receding, and it was 
enabling them to measure the speed of those motions. 
Knowing the apparent speed of a star at right angles to the 
linc-of-sight and its apparent speed along the line-of-sight, 
together with its distance, the scientist can compute the 
resultant motion—giving us the star’s actual direction and 
speed in space. 

The same effect provided still another mystery, then 
imlocked another secret of the stars. All the stars arc noth¬ 
ing more than suns located at unimaginable distances from 
the earth, and their spectra are roughly similar to that of 
our own sun. To be sure, some elements are lacking in cer¬ 
tain stars and predominate in others, but that was more or 
less to be expected. It was not until they came on several 
instances where a star produced a double spectrum that 
astronomers began to wonder, f 
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A typicsl example would be that of & star—apparently 
single in the largest of telescopes—which nevertheless 
produced this phenomenon. The solution lies in the fact 
that such stars are really close binaries, two stars so close 
that they are inseparable by any other means than the 
spectroscope. 

With other methods* too* have astronomers advanced. 
By the mathematics of the surveyor, the earth has been 
measured, together with its distance from the moon and the 
sun, the other planets, and the nearer stars. This method of 
measuring the distance of an unapproachable object de¬ 
pends upon the relationship between the angles and sides of 
a triangle. If one side of the triangle be known—the base¬ 
line—together with the angles made at both ends by the 
other two sides, then the astronomer can compute the 
distance from the center of the base-line to an object at 
the apex of the triangle, where the other two sides mcet- 

As the distance of objects increased, however, the meth¬ 
ods of the surveyor, ^tod enough for the surface of the 
earth, good enough even for the vast stretches of space 
within the solar system, became increasingly clumsy. It 
became more and more difficult and finally impossible to 
find a base-line that was long enough. In reaching out to 
the stars the other two sides of the triangle became so 
long that the longest base-line available to man—the diam¬ 
eter of the earth’s orbit—was negligible by comparison. 
How then to measure distances to the star dusters and the 
distant spiral nebulae? 

The Cepheid variable stars, which change their brightness 
as regularly as clockwork, show a definite rdationship 
between the length of time required for their variations in 
light and their absolute magnitude. The apparent bright¬ 
ness of a star is the resultant between actual brightness 
and distance. A amalJ, dim star may be near to us and ween 
brilliant while a blazing giant may be so far away that it is 
almost invisible. If we can reduce the brightness of any star 
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to its real or absolute iaa£iiitu<le—the britlUnce it would 
present at a standard distance of S.dG light-years—we can 
estimate ita distance. 

It was possible to measure the distances of some of the 
nearer Cephetd variablM and determine just what their 
absolute magnitude was. Further, it developed that every 
Cepheid variable with the same period possessed the same 
absolute magnitude. And that was all astronomers needed. 
Peering otf at the spiral nebxilae, lost in space at unthinkable 
distances from the earth, they found that Cepheid variables 
existed in those nebulae. They timed the period of those 
variables and thus knew the absolute magnitude—the 
intrinsic brightness-^f the objects. Then, knowing their 
real brilliance and the brilliance at which they appear to 
us, it was a comparatively easy matter to estimate just how 
far away they are, and bow distant, too, are the spiral 
nebulae containing the Cepheids. In addition, once the 
distance of the nebulae and of the star clusters was known, 
it wasn*t hard to calciJate their siae. 

And so have scientists applied a tape measure to the 
galaxy and to the apace through the universe. So have they 
studied and classified other galaxies outside our own. The 
sizes and distances with which they dealt were so great that 
the old units of length were inadequate to express them. A 
new one was devised, the light-year, based on the distanoe 
which a light-wave, speeding at about 186,000 miles per 
second, would travel in a year. Equivalent to some C,000,- 
000 , 000,000 miles, it too proved clumsy as the necessity 
arose to speak in hundreds of thousands of light-years, and 
millions of light-years. But it is still in use. 

At any rate, with the methods and mstnunenta now at 
our command, it is possible to paint a fairly accurate picture 
of the universe as it really exists. To start with, of coturse, 
we have the solar system, our home unit. At its center is a 
star of average, or perhaps a little smaller than average, 
size. It is speeding through space at a tremendous velocity, 

[^^$] 



* UNITS OF TH£ UNlVEBSE * 



TTia HILKY WAY 

H«ra b Ou '*untvom'* to which tho tolur beloagt. In thU unuKuol noMio 

of tho Milky W&y an «howa loino of thi tUr clouda aod "daik ntbulM'* rUblo 
whoa VO tun our oyoo olosf tin pUao of our own (alaxy, (if(. WiUon Obitnatoiy.) 

roughly miles a second, carrying with it nine major 
planets, including the earth* their satellites, thousands oi 
asteroids, a thousand comets, and millions of meteors. It 
is so separated from the rest of the universe, from even the 
closest neighboring stars, that its ‘‘loneliness*' is beyond all 
comprehension. 

The system seems completely isolated. The nearest star, a 
member of the local star cloud to which the sun also be* 
longs, is about 4 light-years away. Around the solar system 
on all sides stretches endless and practically empty spoc^— 
space that is far more devoid of any matter than the most 
perfect vacuum obtainable in our laboratories, that has 
virtually no temperature at all, that is pervaded throughout 
by absolute zero, 4dd‘’.4 below zero Fahrenheit. Black and 
soundless, this space engulfs the solar systetn. 

It surrounds everything in the Milky Way galaxy, in 
fact, and stretches beyond, setting it off from the other 
galaxies just as completely as the sun is set off from the 
other stars. In this Milky Way universe, our own galactic 
system, there arc billions of stars, some like the sun, some 
thousands of times larger, some smaller. Some are gathered 
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together by th« thousands in globular clusters, some travel 
together in large groups compnaing other clustera, aome 
have one or two companions in a closely Icnit system, and 
some travel singly along their endless paths. 

Among them are a few ring nebulae, hollow spheres of 
gaseous materinl; diffuse nebulae, looking almost like fluffs 
of cotton set against the blackness of space; and the dark 
nebulae. 

Both bright and dark nebulae are believed to he clouds 
of cosmic dust, composed of »tzemely tiny particles. Such 
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material is probably scattered very sparsely throughout 
otherwise empty space. Some of the particles, congregating 
as a result of various influences, form vaat clouds. Probably 
clouds that blot out great sky regions contain only two or 
three times os much solid matter as the sun. In their dark 
form they hide vast sections of the heavens, resulting in 
what seem to be black holes among the stars. lighted as 
the diffuse nebulae, they are illuminated by reflection or 
excitation from near-by stars. 

Even clouds of cosmic dust have their own motion, and 
so do all the other units of the universe. The sun has its 
motion, while each of the planets speeds along Its own 
]>ath, their satellites circle around them, and comets, 
meteors, and asteroid.^ wheel about'^all in the retinue of 
the sun. All the stars are speeding toward .some unknown 
destination, and so are the star clusters, and the ring nebu¬ 
lae. All are rushing in various directions through empty 
space. But in addition, the entire galactic system os a whole 
is turning at an immense speed about a central airis located 
in the direction of the constellation Sagittarius. It requires 
something on tlie order of 200 , 000,000 years for the system 
to rotate once upon that axis. 

This motion the galactic system has in common with the 
other universes^the spiral nebulae—that have been ob¬ 
served. Similar in many respects to the Milky Way system, 
these universes are situated at great distances from us, and 
there are millions of them. The nearest, as well os the largest 
of these island universesis the great spiral nebula in 
Andromeda, which is about SOO.OOO light-years away. 

The spiral nebulae contain stars, star clusters, variable 
stars, novae, and great clouds of the same type of cosmic 
dust as occur in our own system. They, too, seem to rotate 
about a central axis, although the short time during which 
they have been under observation precludes our seeing any 
changes. 

There is one outstanding difference, however, between 
these outer nebulae and our galactic system. All the spirals 
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show’ an inlense concentration of light and star material 
near the central portion. But in observing the central area 
of the Milhy Way system, we find no such noticeable 
concentration of stars—possibly it is in the star 
clouds of Sagittarius or hidden by dark nebulae. Further, 
thb difference between the centers of the spiral nebulae and 
that of our galactic system applies to the concentration of 
stars throughout the systems. In the spiral nebulae the 
illumination of star^cloud surfaces is far more intense than 
any illumination we can assign to the star clouds in our 
galactic system—at least greater than any we estimate 
for the clouds in the neighborhood of the sun. 

Despite this difference, though, and certain others that 
are known to exist, the Milky Way can definitely be classed 
as just another—except that it is apparently the largest—of 
the spiral nebulae that lie about in space. So much Is it 
one of them that, together with neighboring universes, it 
comprises what astronomers know as a local tufcr^aloxy. 
The individual members include the BliUcy Way system, 
with its billions of stars; the Magellanic Clouds, which are 
really close companions of the Milky Way; the irregular 
galaxy NOC 682i; the triple spiral nebula M $5; the great 
spiral in Andromeda, together with its companion universes 
M 92 and NGC 205; the nebula IC 1919; and probably 
others that are obscured by dark cosmic dust clouds in the 
Milky Way. 

There are other such super-galaxies in space, the Coma- 
Virgo group for instance, which contain many more units 
than this. Each of the separate galaxies comprises a universe 
unto itself; with their companions, they become members of 
a super-universe, bonded together by their location in space. 
By what ties they are united, of what possibly larger imit 
they may in turn be members, we have yet to learn. This, 
for the moment, outlines the boundaries of our knowledge, 
but men have studied the stars for a very short tlmp, and 
perhaps some day we may know what lies beyond. 
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moan solar 


Sidereal time u used only for technical puiposcs, and 
Aome features of it are dc^t with in Appendix IV. All 
other kinds of time can be grouped together as solar iime^ 
because they depend in some way upon the transit of the 
Hun. Such a claasificoUon would be only two-fold, but we 
nball divide the solar time into two categories, for the types 
differ considerably in use. When s]>eakjng of any kind of 
solar time one usually identifies it by naming the specific 
tyi>c. 

Apparent Solar Time 

Before there were any clocks, anyone had to tell time by 
the sun, and the most natural method of regulating time 
was very likely by means of the sun itself. Indeed, it would 
seem logical to use the sun because our civil life is based 
upon the periods of daylight and darkness. If we set up a 
sun-dial and arrange it properly, it will measure apparent 
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aolar Hrru. Tfu$ U the least artMciaJ of all kinds of time; it 
makes no concessions to time-sones, saving of daylight, or 
even unifonoity. It is still the best method of timekeeping 
in use by some pnicutlve peoples. 

To obtain and \ist apparent solar time it is necessary to 
have some Idnd of measure, and so an angle is used. Indeed, 
all kinds of time are based on some kind of houT'anglo, 
which means the angular amount by which a given body in 
the heavens has parsed by an observer's meridian, So we 
speak of the traruii of a star, the sun, a planet, the moon, 
when that object is on the observer's meridian, its houT~ 
angU then being zero. When the object is on the part of the 
observer's meridian that contains his zenith, the object is 
at upper traneii; and when it is on the part of his meridian 
that contains his nadir, it is at hteer troTnil. When the 
object has gone by the meridian by an angle of W, or I 
hour of time, its hour^angle b 1^; when it has gone by the 
meridian by W*, or 6*, the hour-angle b said to be 0^ and 
so on, to 24^ or 0^, again. 

Apparent solar time is the hour-angle of the sxin plus 1£ 
hours. TVhen the sun b at hver transit, its hour-angle b 
12^, for the sun has gone by the upper meridian by I?. So 
if we add 12^ to this we get i4^ wUch b e<|mva]ent to OV 
The zero hour then b the beginning of the apparent day, 
when the sun b at lower transit; and an apparent solar day 
at any observer's station b the interval of between two 
successive lower transits of the sun over the observer's 
meridian. One uses the lower transit so as to have the 
moment of change of day occur somewhere near the time 
of leaser human activity. If we did not say "plus li hours" 
in defining apparent time in the first sentence of para¬ 
graph, we should have the day b^inning at noon. 

In the apparent solar day we have 24 hours, beginning 
with zero hour, or midnight by apparent time. Each hour b 
divided into 60 minutes, and eac^ minute into 60 seconds. 
Sidereal time b divided similarly; but the minutes and 
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secoruds of solar time arc each a little longer than the coi- 
respondiog units of sidereal time. 

The question is whether or not the sun is a good time¬ 
keeper: if it wei'e, there would be no need of certain other 
kinds of time. Actually, the sun is not a good timekee])er, 
the eastward motion along ila apparent path for the year 
being somewhat irregular. A])parcnt solar days arc there¬ 
fore of unequal duration. Manifestly, if the <layi< vary in 
length, one with another, it woulil he impwwiblofor a watch 
or clock to be regtilatod according to aj^iarent lime; even 
if it could be, w(‘ should still have no i>rcoision in our time¬ 
keeping. Something else is oliviously nce<led. As an exaiu]>)Q 
of the irregularity of ajjparent time, we note that al>out 
December 23 an apparent day is 5V longer, say from one 
apparent noon to anotlier, than an apparent day around 
September 16, as measured by the invariable standard of 
sidereal time. 

There are two reasons for this non-uniformity of the 
apparent aolax* days. In the first place, the sun’s api>ftrcnt 
yearly motion along the ecliptic is not uniform, the sun 
now seeming to go faster and now more slowly than its 
average speed. If the earth’s orbit were j>erfcct]y circular, 
the earth’s movement around the great central luminary 
would be uniform and we could look out at the sun and 
trace its uniform motion along the ecliptic in a year. Such 
a condition does not obtain: the orbit is not circular but 
eccentric, the earth being some 3,000,000 miles nearer the 
sun at the perihelion time (July 2, for example, in 1052) 
than at aphelion time (Jan. S for 1062). And when the 
earth is relatively nearer the sun, it goes faster in its orbit 
because of the operation of the law of gravitation, whereas 
at the opposite tiroes it moves more slowly. When the 
earth goes faster, the sun is seemingly moving faster too 
in its annual motion; and as the earth moves more slowly, 
so the sun likewise seems to go more slowly. Hence the 
number of minutes of arc covered by the sun per day— 
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in the eastward motion—is consUatly vaiyinf but avera^*s 
nearly 1® per day. 

The other reason for lack of unilonnity of the apparent 
solar day has to do with the mcUnation of the ecliptic to 
the equator. (Both causes, we notice, are natural phe* 
nomena due to the origmal plan of the solar system.) llic 
suii's apparent course is along the ecliptic rather than along 
the celestial equator. The point at issue is that time* 
measurement involves measure of hour-angle, and hour- 
angle involves Tncas\irement front the at right. 

angUt io the ceUtUal equoior. That is to say, hour-imglc is 
an angle measured from the celestial pole and i< not con¬ 
cerned with the ecliptic, whose |K)le is the ** ecliptic polc'^ 

Suppose reason one did not hold, but that, instead, the sun 
moved uniformly along the ecliptic. Even so, at the time of 
the vernal equinox the sun’s movement of 1 ® on the ecliptic 
would not be projected as 1** along the equator; for the line 
of projection must be perpendicular to the equator, an<i 
the two great circles are at an angle. Yet it is the a]>parcnt 
eastward movement of the sun as measured along the 
nquaiOT that determines an apparent day. But at the tiiuo 
of the summer or the winter solstice the sun lh at a pluco 
where the equator and the ecliptic are for the moment 
parallel, so that 1® of solar motion along the ecliptic means 
1® along the equator also. 

Mean Solar Time 

The second category of solar time includes the different 
types of 1714071 time. Inasmuch as the sun itself is inadequate 
as a timekeeper, it b convenient to invent a fictitious body 
known as the mean sun, which b assumed to have a per¬ 
fectly uniform motion eastward along the celestial equator 
(not the ecliptic). Starting together with the true sun at a 
certain moment, this mean sun b supposed to complete a 
revolution in just the same time that the true sun takes for 
a yearly trip along the ecliptic. 
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Mean Molar time is the hour-angle of the moan sun plus 
12 hours; and a mean solar day for any observer is the 
interval of time between two successive lower transits of 
the mean sun over his meridian. Mean solar days are 
divided into hours, minutes, and seconds, just a* apparent 
time is. The units of the second, minute, and hour are a 
trifle longer than those of sidereal time. Moreover, all the 
days of mean time are of jirecisely the same length, because 
of tlie unif<jnn inovcnicnt of the mean sun along the 
cf(uator. 

Moan time is tlic )>u.sw of tinxe used in civil life- Botl» 
apjMUvnt and moan time have their w;ro hour at midnight 
when the sun or the mean sun, respectively, is at lower 
trnn.sit. 'Phis has not always been so, however, for prior to 
January 1,1025, in astronimy the apparent day began when 
tlie sun wa.^ at upper transit, and the mean solar day began 
with tlie mean sun at upper transit, though even then the 
day as used in civil life began at midnight. But, beginning 
with 1025, the apparent day and the mean solar day both 
start at midnight, and thus the astronomers' day 19 made to 
correspond with the day of dvil usage. The matter is 
important to remember in referring to data in old almanacs. 

Owtf time is the specific use of mean time that begins the 
day at midnight. Civil time is the same as mean solar time 
as the latter has been used beginning with 1925. The term 
aslrwomical iims was the term applied to the astronomer's 
mean solar day beginning at noon, but this is no longer 
used, since the astronomer's day coincides with the civil 
day. The civil day begins 12 hours earlier than the old 
astronomical day of the same date; for example: 

Mar. 18,1924,21'* by ast. time * Mar. 19, 0 a.m., dvil time, 
Mar-19,1924, 9^ by ast. time — Mar. 10, 9 p.m., dvil time. 

In our discussion so far, all the kinds of time are local, 
that is, the time for an observer at a given meridian is the 
true time at that meridian only, from the north pole to the 
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south pole. At ftoy other meridian to the ea.st of the given 
one, the time is siways greater, or later, on the oIock>face 
than on the given meridian, and at any meridian to the 
west the time is less, or earlier. Thus we see that time, so to 
speak, goes perpetually around the earth from east to west. 
!^rthcnnore, Ae rate is 15® of longitude an hour, or 1® of 
longitude for every 4 minutes of time—whether it be 
sidereal or solar. 

It becomes nec^sary to distinguish between local mean 
time and kinds that am not local. The mean solar time of a 
particular point on the earth's surface ami also of all jxnnU 
uio?ig tkai mmdiast is known specifically as tlic local meav 
of that meridian. An important point is that this 
refers to a kind of time that b nof used by docks in civil 
life. The term focal mson Uitu (L.M.T.) is practically 
synonymous with the term iocof curii time (L.C.T.). We 
say "practically synonymous" because, while L.M.T. is the 
same kind of time precisely as L.C.T., the term local mean 
time is more likely to be connected with the former use of 
the day as beginning at noon instead of at midnight. For 
this reason the designation focal dstf fttns is preferred by 
astronomers and other Kientists. Each different longitude 
—varying even by the smallest amount^has a different 
local civil time, at any one instant. Or, to be more exact, 
the time varies by 1* for each i* of longitude. 

For navigational and geographic purposes there has to be 
a zero meridian for the world: and since 1B84 Greenwich. 
England, has been the world's meridian of 0® longitude. 
Not only is this meridian the basis of longitude deslgna> 
lions for the world, but It is the basis of time-measurement, 
too. Navigators' chronometers are set to time-standard, 
and professional astronomers usually base their almanacs 
and epbemerides on it, also. The local civil time of the 
Greenwich meridian is known as Greenvich civil time 
(G.C.T.), and iu beginning, or aero hour, is at civil mid¬ 
night. Before 1925, when the day for astronomers began at 
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noon by civil reckoning, such time was called GreeniMi 
rruon time (G.M.T.), but the latter term has been practi¬ 
cally abandoned now in favor of Greemoich civil time, in 
order to dUtingubh between the days beginning at noon 
and at midnight. In astronomy another term, universal 
time (U.T.), has been advised by the International Astro¬ 
nomical Union, It h absolutely synonymoa'4 with Green¬ 
wich civil time and emphasizes the world-wide feature of 
this lime. U-T. Ih now used by a majority of a«tronomci‘», 
although navigatorH use G.C.T. Wo then have tlie following 
relation: 

U.T. - G.C.T. - OM.T. + 

Time and longitude are intimately related, for the rota¬ 
tion of the earth on its axis, with respect to some particular 
object in the heavens, is what determines the day’s measure¬ 
ment. And whatever object is chosen—defining a certain 
kind of time—the earth must turn through 360^ in a day, 
or 13* an hour, making time appear to move westward 
around the globe at this rate. This leads to the fact that 
the difference of the local times of two observers using the 
same kind of time equals the difference of their longitudes, 
expressed in time. If the time, for example, at Greenwich 
is G.C.T., then, at station A, longitude 90* (■■ 6^) 

W., the time at that moment is 5’‘S0“, 90th-iiieridian local 
civil time. At the same moment at longitude 136° {* 11**) 
the time is by 106th-meridian-east local civil 

time. As a formula we have 

G.C.T. (U.T.) - L.C.T. at X - longitude of X, 

G.C.T. (U.T.) - L.C.T. at X + long, of A. 

Following the formula, for the first example we have 
ll'’30* - 5^$0* - - 90®. 

Or in the second equation, 

11^$0“ » d‘'S0“ -h 
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In the second example, 

ll^SO* - 22^* - -llVor -166% 
which is 166° longitude easL Or in the second equation, 

11^30* - «2‘80" + (-nV). 

Equation of Time 

The lack of uoifonnity of a]>|iaLrent time causes a coU' 
stantly varying difference between the apparent and the 
mean time of a station. This difference ix known as the: 
equation of Hme. More technically, it is tlio diffcrcnco in 
hour-angle between the apparent and the mean sun. It is 
not really an equation but rather an interval of time. 
Sometimee the apparent sun U ahead of the mean sun, and 
sometimes it is behind, the amount varying from xero to 
more than 16**. By ** ahead of’* we mean here that the true 
sun is farther westward than the mean sun in their daily 
motion and so transits the meridian sooner. 

The causes for the equation of time are those given for 
the variation of apparent solar days (page 236). 

The equation of time may be taken in either of two 
senses according to how it b to be used. If several books 
are referred to in Uus coonection, the matter will become 
eenfused until it is realized that some authorities use the 
term in one form, while others use the other form, and 
commonly but one is mentioned by any author. The two 
forms are the equation of time, mean minus apparent, and 
the equation of time, apparent minus mean. The former 
may be designated and the latter At any 

moment the value of one is the same numerically as that of 
the other, but the signs are opposite. It b believed that the 
reader will profit most by concentrating on , 

The equation qf rims, mettn mmtu apparent, is the cor¬ 
rection to be applied to apparent time, in order to obtain 
mean solar time. At any given instant it may be negative 
or positive. When the mean sun is ahead of the true sun in 
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terily. twice e yoer. «t equinox time*. 

their diurna) motions, tlien mean noon preceded apparent 
noon> the mean sun coming to the meridian sooner than 
the real sun. Here the situalioiris known an pun slow in the 
commercial almanacs- The clock running on local mean time 
shows a later time than a sun-dial at the same station 
would- The equation is -h in this case. When tlie mean 
sun is behind the true sun, mean noon follows apparent 
noon, the true sun coming to the meridian sooner than the 
mean sun. Then we have the sun ftut condition, and the local 
mean clock shows an earlier lime than a sun-dial. Here the 
equation is —. 

The equation-ol-time values for any particular day of 
the year vary slightly from year to year, but the general 
pattern is the same, as shown here in the standard graph 
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cf the equBtioQ of time, meen minus epperent. There 
is a maximum of sun slow around mid'February and a 
smaller one near the end of July; for tJte sun fast there is a 
maximum in early November and a submaximum in mid- 
May. Four times a year the equation is sero—about 
Apti] 15, June 14, September 1, and December 25. The 
exact values are given for each day of the year in all impor* 
tant almanacs, but in some places one finds the mean- 
minus-apparent form and in other places the opposite. 
The Ammeon Epkenmu and Nauticol Almonac tabulates 
Eg^ for 0^ U.T., and (up to 1950) for noon at Wash¬ 
ington, In 1949 the maximum for sun slow is on February 
11, the value of being -|-14*21*.9 to the nearest tenth 
second, whereas on November 9 the maximum for sun fast 
is -I6*2S'.7. 

The equation of tame, mean minus apparent, is used in 
various computations whereby the apparent time is 
reduced to mean time. An important instance is in the case 
of a sun-dial reading. For example, a sun-dial on September 
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r^ads 2:45 p.m.; this is apparent time. Suppose the 
at the moment is -lO'O'. Add algebraically: 
2^45* p.m. + ( — 10*0*) « 2’'35“ p.m., local civil time. 
This indicates that the mean time is less than the apparent, 
or that the stm is “fast” over the mean sun. We may 
further reduce the local civil time to standard time by the 
following rule: 

To ch<wge the loeal ciril Him to etandard Hme, decrease the 
hn 4"*/or ennj de^rtc the eiaHon %e eae( (if the etanihrd 
merulifiH^ or iuereaee the hy ^"/or mery degree the 

.^iaKow w ii^el the einndnrd meridian. 

Anotlici' iin])orUnt unc of the equation of time used in 
this fonii is in ilctcrinining the equivalent mean time for 
the apparent lime of noon, in finding the latitude of a 
station by meridian altitude of the sun. Here one needs to 
know the approximate transit time so os to know when to 
begin observing. At transit, the apparent time must be 
12 S)*; HO wc “ place the sun on the meridian”, and we have 
12^0'* -h ■ L.C.T. of transit. Then reduce the L.C.T. 
to Htandaid time or else have the clock set to the local 
civil time; the latter is simple to do, for at a particular 
station the <iif!erencc between L.C.T. and standard time is 
always the same. 

For certain purpose.H one uses the equation of time in the 
opposite sense, or The eqnoHon of time^ apparent 

miuTir mean, is the correction to be applied to mean time, 
in order to obtain apparent time. Not only is the value on a 
given day and hour tho same as the equation in the other 
form, except for change of sign, but the dtuation ol sun 
fast and sun slow remains the same, whichever way the 
equation is taken. With when the apparent sun is 
ahead of the mean sun (see cut), we have the sun^fast 
condition, and is +. But when the apparent sun is 
behind the mean sun, in the sun-slow condition, then 
B^is 

One of the chief uses of the equation of time, apparent 
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minus mean, is in navigstioo. You will find the American 
Nautical Almanac tabulates the quantity for every even 
hour of G.C.T. for each day of the year as an »d in compu- 
tatlons in nautical astronomy. As conunoniy happens in 
working with ephemeris data* however* we are apt to 
need the quantity for some time other than that tabulated. 
Interpolation is needed. Suppose we wuh to derive the 
Greenwich apparent time for 6*20*80* p.m., G.C.T., 
September 22,1040, given the at 0* G.C.T. as +7*8*. 1. 

and increasing by 21*.0 per day. By interpolatjon we derive 
H-7*1S'.0 for the equation for 6 p.m. as follows: Wc have 
6‘«0*S0* pm. - ia*20*W. Now 18* - and so i(21'.0) 

• add to 7*r.l, obtaining 7*18‘.P, the value of 

for the time in question. Now we add 18*20*30' -f 7* 18*. 9 

• 18*27*48*.0, Greenwich apparent time for the moment. 
The sun is therefore “fast” over the mean sun. 

Standard Time 

It is interesting to consider the actual distance on the 
earth in miles that causes a variation of a given local time. 
We have seen that 16^ of longitude are covered by 1* of 
time; but the question is how many miles are represente<i. 
1 ^ of longitude at the equator corresponds to 69.^2 statute 
miles. But all the meridians converge at the poles, so that 
the geographic extent east and west covered by a given arc 
of longitude becomes less and less as one leaves the equator 
and goes toward either pole. The approximate formula 
governing this is 

of longitude * 68.232 miJes X cos latitude. 

At latitude 40% 1® of longitude covers 58.06 miles. So two 
clocks running on local civil time and situated 55.06 miles 
apart in an east-west direction will difer in their local 
times by 4". A difference of 1" of time corresponds to ISi 
miles, at this latitude. 
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X^al civil time would i>e the most scientific time to u.se, 
were it not that it is necessary to travel around considerably 
or to consider simultaneous events such as radio reception 
at different places at the same absolute moment. 'When any 
extent of land is considered, one begins to encounter the 
phenomenon of difference in local time. Over the extent of 
a few hours* journey a traveler would have to be changing 
hiH watch continually as he progressed, if local time were 
in use. As the traveler went east, for example, in latitu<lc 
40®, he would set his watcli ahead by I" for each 13} miles; 
or as he went west, he would set the watch back by 1 *^ for 
every 18} miles. 

In the United States it became apparent before 1S70 
that there was a distinct need for a uniform time over a 
considerable area of country. There was endless confusion 
with the railroad situation because of the use of various 
local times in operation in different sections. Indeed, in 
some cities, four or five different local times wore in use 
simultaneously, for railroads brought different local times 
into ono terminal. As the result of an international congreas 
held at Washington in 1884, the earth was divided into 
sones. Each zone covered Id® of longitude, and a uniform 
time for the whole of each zone was set up, the time being 
the local mean time of its central meridian. The time used in 
contiguous zones differed by exactly 1 hour. 

The United States hod already adopted the scheme of 
standard time in 1583, in the form used now. This was 
largely brought about by the untiring efforts of Dr. Charles 
F. X>owd, principal of the Ladies Seminary at Saratoga 
Springs, N.Y. For many years he did research on the 
problem, arranged schedules and times, wrote papers, 
discussed the matter with the leading railroad officials, 
and toured the country. C. M. Depew called Dowd “Yale's 
moat famous graduate**. Harper’9 Weekly speaks of the 
"confounding confusion of 1869” thus: “[A traveler’s] 
watch was to him a delusion; clocks in stations, staring 
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each other in the face, defiant of }iSjmony both with one 
another and with surrounding local time, and all wildly 
at variance with his watch, were wholly bafiling to all 
intelligence.** 

The United States is divided into four standard-time 
sonea, centered along certain standard-time meridians. 
The zones are made to fit in with the system of world zonen, 
inasmuch as the easternmost one was chosen as a whole 
number of hours west from the aero zone of Greenwich. 
The United States uses only the last four zones in the 
following table: 



AbhrvTvaUM 

mwiduin 

Tune frOer 
flun (irtrawich 


AAT. 

SO^. 

4^ 

BmIwb ■Us<i»ril UiBf. 

EAT. 

7S*W. 1 

s* 

C«8tnl tUsdsTd UlM. 

CAT. 

so*w, 1 

fX 

bfeoalaia tUztdsrd lioi«. 

MAT. 



P«ci5« tUaiUrd U«m. 

PAT. 

isonv. 



Besides the four zones used in the United States, Canada 
hag two extra time-zones, those of (1) Atlantic 8tan^la^l 
time, used by New Brunswick, Nova Scotia, and Quebec 
(east of longitude 6S^W.), and (2) ISdth-meridian time, or 
Yukon standard time, 9^ earlier than Greenwich. New¬ 
foundland and the coast of Labrador are under Newfound¬ 
land standard time, earlier than Greenwich. Alaska, 
being in high northern latitudes, covers considerable diN- 
tance in longitude and finds four zones necessary—those 
centered on the meridians of 120®, 155®, 150% and 165 ®W. 
The 150th-meridian time b known as Alaskan standard time 
(covering most of Alaska), but the name is somewhat 
ambiguous, for all four zones are in use in Alaska. Mexico, 
except for part of the west coast and part of Lower Cal., is 
all in the time-zone governed by the dOth meridian west- 
This b peculiar since geographically the country is easen- 
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tially located witlun the longitudes normally controlled by 
the 105th meridian of our Mountain standard time. 

Standard time is the time use<i in our everyday civil life. 
We do not use local mean or local civil time. Of course* 
ju.'it along a .standard Tiieri<lian, tlte standard time is the 
Kamc aa the local civil time. Everywhere within a standud- 
time zone, the clocks u-sing standard time read the same 
hour, minute, and second—assuming they are correct. 
Between one zone and tlie next, there is an abrupt jump of 
the cloclte to the west of a given zone reatling nn 
earlier time, and those at the east of a given sone a later 
time. 

At «ca and over the whole globe in general—at least with 
navigators—the term sons time is in use: but zone time is 
only another expression for standard time. The world's £4 
zones are numbered in succession. Centered on the Green¬ 
wich meridian is the zero sons (zone 0), and to the west are 
soncH marked successively +1, +2, +S, etc., zone +5 
being the E-S.T. zone. To the east of sone 0 arc zones — 1, 
-2, -3, etc. At longitude 180* is zone 12, which is peculiai*: 
the half of it west of the meridian is marked —12, while 
the half on tlie east of the meridian is marked 4-12. The 
“zone deseription**—the number of a sone together with its 
sign—when added algebraically to the civil time, indicates 
the corresponding G-C.T. For example, 20'‘15* of zone 
4-7 (- M.S.T.) gives 4-7** - deducting 

24*' we get 8’‘15“, the G.C.T. of the following day for the 
corresponding time. For a place east of Greenwich let us 
take 2^5•' in zone —8 (120th meridian east): 2^5* 4- (-8) 
« _ 5 '‘ 55 “^ or 5'’55“ to be counted back from O'* into the 
day before, giving 18''5". Or in such cases we may first add 
24'‘ thus: 24'’ + 2 V 4- (-8) - fifiV - 8^ - 18V of the 
day before, for the corresponding G.C.T. 

Theoretically the standard-time zones should be bounded 
by straight lines, T'J* from the central meridians. While this 
ideal is reached on the oceans, it is commonly not nearly so 
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uniform as that on land, the boundaries there being notnbly 
irregular. In the United States the boundaries of the time- 
zones are set by the Interstate Commerce Commission and 
are revised from time to lime. This irregularity is effected 
purposely for the convenience mainly of the railroads. An 
extreme case is noted at El Paso, Tex., where the city i» 
located geographically vest of the central meridian of the 
H.S.T. belt, but» put under Central standard time. 

Advanced Time 

Daylight-saving time (D.S.T.), summer time, and even 
war time are different ezpreuions for the use of iuivance<l 
time. This is not a different kind of time but simply a diff¬ 
erent clock-setting. Advanced time in a given zone is the 
use, in this zone, of the standard time of one zone to the 
east of a given zone. This important point—that advanced 
time is really standard time—is not often realised except'by 
astronomers and other scientists. For example, clocks run¬ 
ning on Eastern daylight-saving time are actually keep¬ 
ing normal Atlantic standard time. Thus S a.rn. E.S.T. 
would correspond to 4 a.m. E.D.S.T., because 4 a.m. is the 
A.S.T. equivalent of E.S.T. When in England the clocks 
are set to “double summer lime”, they are of course using 
the normal time of two zones to the east, or Eastern 
European time—very disconcerting to a scientist. 

In the United Sutas, daylight-saving time was first 
introduced during the First World War in order to finish 
the day’s activities with as little artificial light as possible. 
For earlier rising of persons means earlier retiring and hence 
a saving of light and fuel. Along with this is the advantage 
of additional daylight in the hours after the evening meal. 
The advantages apply mostly to the summer months alone 
and only to the middle latitudes. There is little advantage 
in using advanced time in low latitudes, for the period of 
daylight in equatorial regions is nearly the same over the 
entire year; and there is little if any advanUge in high 
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latitudes, for there the period of daylight aad twilight is 
longer than one can use and still obtain sufiicient sleep. 

Advanced time is unscientific and unwelcome to scien¬ 
tists. Not that scientists object to beginning the day*s 
schedule earlier according to the sun, but that the same 
result can be achieved by letting the clocks run on noimal 
standard time and instituting an earlier summer schedule 
for the day’s activities when desired. The reason for the use 
of D-S-T. is the belief that for the majority of i>crsons it in 
ea.^iei* to attain the earlier sche<lule by setting the clockx 
ahead and letting people keep to their old habits as to hours. 
The fundamental objection is that it robs us of the true 
situation of time os related to the natural phenomena of the 
day, such as daylight and darkness, the rising and setting of 
the sun, and other natural effects. 

The sudden change of clock-setting from normal standard 
time to advanced time causes the morning hours around 
rising time to be darker than before, for ihe same dock-time, 
and the late afternoon or early evening hours to be lighter. 
Similarly, the sudden shift from advanced time to normal 
standard time causes the morning hours to be lighter and 
the late afternoon hours to be darker than before the 
change. 

Besides the general objection, there are innumerable 
other disconcerting features. It is, for instance, difficult to 
have young children go to sleep when it is too Light and too 
hot. “War time” used in winter caused one to arise in dark¬ 
ness and use more artificial light than otherwise in the 
morning. Advanced time is disliked more by rural com¬ 
munities than by the industrial and urban populations. 
With widely varying activities of people in different places, 
it is very easy to see that the inhabitants of different com¬ 
munities will not agree on the matter. 

ITnisr no eircumeUinces shotdd advanced time he und in 
any aettpUiee undertaken for or notes or records made for 
astronomical or other scientific ohaervaiions. Moreover, what- 
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ever time-system or -sone b used should be cleerly indi¬ 
cated. Some opponents of advanced time» when they have 
to use this time in civil life, enjoy keeping one clock set to 
normal standard time; by frequent reference to this time¬ 
piece) the true stituatlon is more easily kept In mind. 

The expression tero hour (0^) b the correct one to wo 
for the midnight hour and is always used in good scienti^c 
work; besides it is logical and consistent. Tlicrv is no end of 
confusion in regard to the d^ignatioan and '‘p.m." 

in connection with the mHlziight and tl)C noon hunix. A vast 
maj(>rtty of persons use the term in tite wrung way. Zoi'o 
hour is the beginning of the day; while one can Mt>cuk of the* 
hour or moment of night", it is wholly anibiguoas to 
say. as an example, "Monday midnight", midnight l>cing a 
dividing-point and not belonging to any ]>articular day. 
One can. however, say correctly "midnight, Monday- 
Tuesday", or "midnight, June 5-<", etc. The correct 
expression is "0^ Tuesday”, ‘V, June 6", etc. For the noon 
hour one says, properly, "Tuesday, 12 noon", etc. If one w 
forced to use the designations a.m. and p.m., the midniglit 
hour b 12 p.m. and the noon hour u 12 a.m.; but the use of 
these terms u to be discouraged because, iV of tho time, 
persons have them confused. 

Ths DaU4ine 

The date-line is an interesting place. It is sometimeK. how¬ 
ever, rather a puzsling line. Nevertheless, it is a very nece.H- 
sary boundary-lme to have. It b known also as the Inter¬ 
national Date Line; it b not international hut was set up by 
agreement between commercial steamship lines. 

The effect of solar time, we noted, was that time, so to 
speak—or at least the measurement of it—travels around 
the earth perpetually westward. If at a certain instant, a.s 
an example, at Ouagadougou, French West Africa, the 
standard time b 0*, six hours later the standard time will be 
0 at Topolobampo, Mexico, six xones farther west. Four 
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hours later yet it vrili be 0* at H6reh6r6tu^, Tuamotu 
Archipelago, zone +10. Four hours later still it will be O*" at 
Dungog, N.S.W,, Australia, zone —10. Thus the longitude 
of places where the time is zero hour increases westward in 
effect around the globe. Of course, we could take any other 
hour besides 0^' and proceed similarly. 

2 ero hour, however, is the moment of beginning of the 
day, so tliat a new day w forever on its journey ai’ound the 
earth. To the wert of the longitude wlicw the time is o’*, 
one has the remains of the **o]d day’*, whereas on the east* 
ern side one is bound to have the “new day’*. No difficulties 
are introduced so far; but let ns consider the situation at the 
instant when the local time is 0^ of June 1 at Topolobampo 
(longitude 109^W.). At all places to the east of station 
for a considerable distance, the day will be J\uie 1. At all 
places to the west for a considerable distance, the day will 
be May $1. At once the 4^uestion ainsea os to where in the 
world the line of division between May SI and June 1 is. 
It ia not on the opposite side of the earth, say at Diu, India 
(longitude 71^?.). There, the local time U noon by mean 
time. At the moment, on either side of Diu, one would not 
find it noon of May SI on one side and June 1 on tlic other; 
there has to be a more practicable scheme. 

The most workable system is used, by which the place of 
changing the date is located along or near the meridian of 
ISO^. This traverses the Pacific Ocean and cuts across but 
few series of islands. This is the date-line and is actually 
coincident over much of its length with longitude 180^, 
yet in places departs from that meridian to allow no 
change of date in the midst of a settlement. It was also 
fixed so that colonies affiliated with America might use the 
American date, while other colonies more closely connected 
with Asiatic countries might keep the Asiatic date. 

Following the date-line north from the equator we find it 
lies along the 180^ rneridian about as far as the Aleutian 
Islands, where it turns northwest and goes to 170"E., to 
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ke«p all these ulands with the same date, and then tujas 
northeast to the middJe of Bering Strait, going northwest 
again. South of the equator, the date>line soon begins to 
run southeast and then from a point south of the Samoa 
Islands runs along the meridian of to a point 

southeast of the Chatham Ldands, and finalJ^ goe» back to 
180^. By this means the Fiji, the Tonga, and the Clmtliam 
island groups are aU kept on the Asiatic date. 

At places east of the date-line the calomlar day is 1 rluy 
earlier than at i>oints to the west of the line. At a point 
immediately went of the date-line, let us siipiKMo it to be 
July 1, 18^ (6 p.m.), local civil time. Coa^ulcr stations in u 
westward direction. At this moment it is at longitutlc 
dO^E., 8^ at longitude 0 ®, and 0* at longitude DO®W.—all 
of the same date, July 1. Farther westward yet from longi¬ 
tude D0®W., we find it is not yet midnight (0^), so that, 
between 90®W, and 180®, the date must be Juno .SO. At 
longitude 165®W., it is 10^ (7 p.m.), and at a jwint just cast 
of ^e date-line it is 18^ of June SO. 

It is interesting to note that any new given date occurs 
firsi on the earth at the 180th meridian, at which moment it is 
noon along the meridian of Greenwich. This is the only 
moment when aU the globe has the same date; at other 
times there are two dates in progrca«. These statements 
need modification, for, in the first place, even at the moment 
described, all the globe does not have the same date: there 
is a region west of Bering Strait that is west of the date¬ 
line but east of 180®, and another region around Attu 
Island in the Aleutian Islands that is east of the date-line 
but west of 180®, so that peculiar time-conditions exist here, 
and parts of S days may occur on the earth at the same time. 
Second, any new given date occurs first at the dale-line yet 
not at the 180th meridian but in the first-mentioned of the 
two areas above. 

As one crosses the date-line going eastward, his watch 
remains the same but the date changes abruptly to 1 day 
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earlier* causing the traveler to repeat a calendar day. As one 
crosKea the date-line going westward, the date changes 
abruptly to 1 day later, causing him to omit a day by the 
calendar. TheoreUcally> in traveling across the boundary, 
one would have the day change at the moment of crossing. 
The actual practice at sea, however, varies from this, for it 
appears to be the custom to change the date at night as 
though passing over the line at midnight. Moreover, it is 
the usual rule neither to omit nor to repeat a Sunday or a 
holiday. 

Let us take one more example to clarify the matter. Take 
any day an d hour at the prime meridian of Greenwich— 
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lor insU&ce, 7 p.m. (19^), May 1. At this moment the time 
at longitude 90® (« 6^) W. is 13* on May 1, and farther 
westward yet, at 180®, the time would be 7* (7 a.m.), May 1. 
From Greenwich, again, let us consider the time going east* 
ward to a sUtion at 60® ( » 4^ E.; it would be 9S* (11 p.m.). 
At 75®E., 94* on May 1, which is 0* of May 9; at dO®E., it 
would be 1*, May 9; at 180®, 7* (7 a.m.), May 2. There i«, 
then, a discrepancy of 1 day in the two methods of reckon¬ 
ing, but our reckoning is correct in each. The moment the 
westbound traveler crosnes the line, the date changes from 
May I and becomes May 9 for him; the moment the ea^t- 
bound traveler crosses the line, the date changes from May 
9 and becomes May 1 to him- The date-line is there to solve 
the circumnavigation-and-limc problem (see figure, p. 958 ). 
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Tke Art of Navigation 


Y ov can '‘tliank youv lucky «Uu*«** for muclx of the food 
you cut, iov many of tlic clothcH you wear, and for 
xcorc:* of articlcH you vw >—in fact, for everything that comes 
to you from across the seas. You can thank the stars 
literally, for only through their guidance were the ships that 
carried these goods able to wend their way across trackless 
oceans and come unerringly to port. 

Ever since the early days of man, those some stars have 
been sign^posts in the sky to those who could read them; 
HigmposU that carried men safely to new worlds; sign-posts 
that, today, mark the great sea and air lanes of commerce 
between the continents. 

'frue, the modem art of navigation is a comparatively 
recent development. For thousands of years men explored 
the unknown without it. Columbus sailed with only a 
compass to guide him, and others ventured forth with even 
lew. But all of them, beyond a doubt, possessed some ele¬ 
mentary knowledge of the heavens and depended to a 
upon sun, moon, and stars to aid them in Ending 
their direction. 

Even the primitive peoples did so. The Polynesians, for 
example, were superb sailors, and the ease and accuracy 
with which they guided their craft among the islands were 
due largely to ^eir observations of the heavens. 

The Polynesian picture of the universe was a simple one. 
The Polynesians considered themselves to he inside a huge 
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shell—the star^udded heaTOns—which ri'vol\'ed around 
them. By watching the hcaverw, wi«? men Icantcd that the 
dtars on the inner surface of this shell rose over the eastern 
horiton, crossed the sides, and vanished in the west; that 
they remained always in the same relation to one anotlier; 
and that month after month the same stars iMLssed directly 
over the same islands. 

They observed other thin^ too—that the stars rose 
earlier each night and that after a full year they could l>e 
seen again in the same podtious In the xky. But Uic iiujKir- 
tant fact—and it was an ilcin of such owrwlichuhig value 
that it won high position for those who knew the Ktcrt*! 
was that the same xtant alwayx |>aM<e<l over the hoiiiu 
islands. 

Thus, if you studied the heavean well, you need only set 
sail toward a star that you knew to be directly above the 
island that was your destination and you would be guided to 
it. Furthermore, you co\Jd even judge how near to your 
destination you were getting, because as you approached it 
that star would come nearer and nearer to your own 
senith. The principle would be the same if you were to see a 
light atop a tail building. By walking towa^ that light, you 
wuJd approach (he building; and as you approached, the 
light would seem to climb higher and higher in the skies. 

In actual practice, of course, it was not quite as simple as 
that. The Folynesian navigator, to earn his laurels, had to be 
familiar with aU the stars which passed over the islands to 
which he sailed, so that, as one moved on and ceased to 
mark his destination, he could select another to take its 
place. And, since he followed this heavenly guidance with¬ 
out instruments, it was only appronmate. He had to be 
able to read the signs of the seas as well, so that he could 
tell by tie birds and fishes, by clouds, by odore, and by 
countless other small indications, when he was nearins a 
landfall. 

But the system worked well enough to support a flourish- 
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mg traffic between the islands and win great fame for the 
masters who guided the ships. Today, when an incom¬ 
parably finer system of navigation exists, so that ships and 
planes are aimed at then geographic targets with pin-point 
accuracy, the navigator still falls heir to some of the awe 
with which the ancients beheld him. 

And this despite tlie fact that the actual practice of 
modern navigation luw been stripped of practically all its 
trigonometric and astronomical mystery an<l reduced to 
the point where, with proi>CJ* instruction and considerable 
care, almost atiy intelligent jicraon can fin<l hi.s way by the 
stars. More than one sailor has learned the tricks of his 
trade from the books in the New York Public Library-—and 
one Robinson circumnavigated the globe in a small sailing 
vessel armed only with the knowledge gained in such a 
fashion. 

Today, tliankfl to the U. S. Naval Observatory, the 
Hydrogi'aphic Office, and other government agencies, 
there exist a few brief volumes that, taken together, solve 
all the 3 >erploxing riddles of navigation, leaving the sailor 
little more to do tlian make observations and look up the 
answers in the published tables. The task Ls much easier 
than that which confronted the Polynesian master; for all 
the trigonometric and astronomical computations have 
been worked out in advance, and simple arithmetic can 
take care of the remainder. 

Navigation is not, of course, so ridiculously easy that 
you can learn the art by reading one brief chapter in a book 
devoted to numerous other aspects of astronomy, nor would 
any sensible student venture forth on the high seas without 
giving himself extensive practice in making observations 
with the sextant and performing the other routine tasks 
involved. 

These operations, simple though they may be ia theory 
and in practice, call for a high degree of accuracy and, 
consequently, for a well-developed skill. The slightest enor 
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may be greatly magnified, with the result that the navigator 
might miss his destination as a rewaid for cariessness. In 
using the sextant, an instrument with which the angular 
distances of sun, moon, and stars are determined, practice 
is essential. You can discharge a rifie by squeesing the 
trigger, but few people can consistently hit the hull’s-eye 
without constant practice. 

However, the principles involved in following the imth- 
way of the stars can l>c gnu|>c<l wjllmut undue difficulty, 
and, once they arc umlerdood, the rwon for each step in 
navigation and the iiu{K>rtancc of ] Min fully curcful obscr- 
vations become elear. 

One of the things to be recalled at the start is that the 
modem mariner no longer thinls of dircctioM in such terms 
as ‘‘north-northeast” or “south by southwest". He 
measures directions in degrees clockwise around the horison 
from the north point, north being both 0* and 800®; east 
being, on the modem compass, 90®; south, 180®; and west, 
970®. 

Thus it is possible for him to indicate direction accurately 
and simply—when a bearing is given as W®, there is no 
question as to how far north of northeast it is. He merely 
marks SO® around the horison from the north point and 
proceeds in that direction, assuming, of course, that he 
possesses a reliable compass with which to make the 
measurements. 

There are, naturally, other and simpler methods of navi* 
gation than that which depends upon observations of tho 
stars and other heavenly bodies. But they are inadequate 
for ^ans-oceanlc travel and serve as supplements to celestial 
navigation rather than as substitutes. Under limited cir¬ 
cumstances, they may stand on their own. 

Piloting, for example, is nothing more than finding one’s 
^y by reference to known landmarks—the boatman uses 
it in familiar waters, the airplane pilot while flying in short 
hops over well-mapped country. Once out of sight of land, 
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however, it is o{ Amall use to the mariner, and high in the 
substratosphere the aviator, too, finds it of little aid. 

Dead-reckoning is more important, and, when for various 
reasons it is impossible to refer to the heavenly bodies, both 
sailor and filer fall back on it for extended periods. More¬ 
over, the flier con supplement dead-reckoning with radio 
signals—he can “ride the beam” and know, with fair 
certainty, where he is. The a<ivantag©8 and disadvantages of 
dead-reckoning, however, are implicit in tho mcthwl itself, 
lor it is extremely simple. 

If you were to travel, afoot, from your homo to a town or 
other location that was 10 miles due north, the chances arc 
you would use the dead-reckoning method of navigation to 
judge your progress. You would know your own rate of 
walking—lct*s say it is 4 miles per hour—and you would 
also know that so long os you walked due north you 
would have 10 miles to travel. Thus, alter an hour and a 
half, you would figure that you had gone 6 miles and were 
slightly more than halfway to your destination. 

But you would actually judge your progress as “about 
six miles”, because you*d realise that your walking speed 
was not constant, nor did you stay constantly on a straight 
line to your destination. 

The example points out both the strength and the weak- 
nes.«i of dead-reckoning—it is simple and self-contained but 
subject to factors beyond exact calculation or control. 
The mariner, for example, employs the same principle; he 
judges hiB location by the speed be travels, the length of 
time he has been under way, and the direction he has 
traveled. Of these factors, time is constant; the others are 
not. Ocean curientsmiay alter both the ship’s actual speed 
of progress and its true direction. And the aviator, similarly, 
is subject to the motion of the air-mass through which he 
files, a motion which is bound to affect his ground speed 
and actual direction of flight and for which be must con¬ 
stantly endeavor to make correction. 
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And SO desd'KC^mng, ilthough it serves to indic&tc 
rouglily the ioe&tioD of boat or aircraft, does not do so 
accurately. Moreover, its inaccuracy grows over a long 
period of time—and something else is obviously needed if a 
ship is to sail from New York and put in at London on 
schedule. 

That something is celestial navigation—sJtnost os simple 
in basic concept as dea<]*rcckoning. not nearly so simple in 
application, but inconi|>arab]y su]>crior in rosulU. 

To understand the principles underlying mivigalion hv 
the stars, imagine yourself sailing a small boat along a 
coastline. You sight an islami Uiat is clearly inarkc<l on 
your charts, and you detemunc, carefully, its l>caring from 
you. Then you mark that bearing, that line of direction 
from the island to you, on your chart. Having done so, you 
know that your boat is located somewhere along that line. 
But you don't know at exactly what point (diagram a). 

Suppose that you see another island and repeat the 
process. You will then have two lines marked on your chart, 
and, what is more, they will cross one another. Since your 
boat is located sotnewbere on each of these lines, it m\ist be 
at that intersection. 

To take another example, suppose that there is only one 
island in view and you obtain its bearing. If you also have 
on board a range-finder, you will be able to determine bow 
far away the island is, and on your chart you can mark the 
line indicatbg the bearing and measure off, according to 
the scale accompanying the chart, your distance from the 
island. Once again, you know where you are (diagram fc). 

There is still a third method by which you could deter¬ 
mine your location after sighting the islands. Assuming 
that you had no compass or other device with which to 
measure your bearing but did have a range-finder, you 
could sight the first island and obtain its distaoce from you. 
Then you could draw, on the chart, an arc of a circle in 
which all points were at the specified from the 
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island. You would know that you wer« locat«d somewhere 
along that arc, but you wouldn’t know exactly where. 
However, if you performed the same operation on the sec¬ 
ond island, you would £nd that your two arcs crossed, and 
once again the intersection would give you a fix”—would 
mark the location of your craft (diagram o). 

The latter method Is similar to the one that is largely 
relied upon in navigation, but since the mariner is on the 
high seas and has no islands in sight he must use tbe stars. 
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He does so vith the sssisUnce of those slim volumes 
published by the government; but, to understand just how 
the principles of our coastwise islands are transferred to 
the stars la the skies, we must grasp one more simple 
concept. 

In our earlier chapters, you remember, we learned that 
the location of stars on the celestial sphere U indicated by 
mearu of the coOrilinutea of right ascco.'don and declination. 
'I'his is excellent, am long ma out interests arc conhnetl to the 
heavens, for by these coordinates we can always hml the 
.Htars in which we are interearted, provided that they lire 
visible at the time. 

But the celestial .sphere seems to revolve around the 
observer constantly, and knowing the right anccasion an<l 
declination of a particular star would be of little help in 
navigation, because we could never be sure just what spot 
on the earth the star was over at a given moment. 

So we must, in effect, bring the star down to earth", to 
the geographic point directly beneath the star—or the 
Mubstellar or aubastrai |>oint (or it may be the sublunar, 
.subsolar, or subplanetary point). This point on the earth's 
surface which is exactly under a given heavenly body at 
any one instant will be called the geographical position in 
the following discussion and will be referred to as tlie GP. 
The geographical position is derived from the Novricoi 
Almanac by means of the headings of declination ami 
Greenwich hour-angle. The Utter (GHA) becomes the 
geographic longitude of the GP, or the subpoint, and the 
declination becomes its Utitude. 

Because of this, the GP can be used by the navigator in 
determining his own latitude and longitude—just an though 
it were one of those coastwise ialands we were considering a 
few moments ago. Tbe position of the GP is constantly 
changing as the star seems to swing across the heavens in its 
diurnal motion, but the ^atUieaJ Almanac annually lists 
the coordinates of GHA and declination of all the principal 
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stars useful in navigation and the sun, moon, an<l piuncts, 
for any day throughout the year and shows how to derive 
the positions for a particular hour. 

By reference to navigation diagram d, note that the 
zenith distance is equal to the angle a, formed at the earth’s 
center by a line to the zenith and a line to the star. More¬ 
over, it is seen that the angle z represents the angular dis¬ 
tance from the slxip to the sUr*s GV. Thus, by subtracting 
the altitude of the star over the horizon from f)0®, we obtiiiu 
the zenith di.Htancc arwl also the angular nicasurcinent of t)io 
distance from the .ship to the GV. 

The importance of this latter fact is immediately obvious 
when we realize that one minute of ai c on the earth’s aurfaco 
equals one nautical mile; for if the reading of allitu<le is 
subtracted from 90® and changed to minutes of arc, the 
answer is the distance from ship to GP in nautical miles. 

For instance, if the obseiveci altitude of the star were 
30*. we should have 00® - 50® •» 40®. Then 40 X 60' 
- 4400', or 8400 miles from tlie GP. 

This, however, is pure theory. The navigator’s problcui 
is made more difficult by the fact that he U dealing with 
great distances. The natural distortion of maps, which 
represent a rounded surface on flat paper, makes it imprac¬ 
tical for him simply to draw his circles and let it go at that 
-and consequently, in actual practice, he has to resort to 
"lines of position”, which, for his purposes, are essentially 
the same as arcs of a large circle. 

There arc several methods by which he might obtain his 
position through astronomical observations. He might 
"shoot the sun” when it passes the meridian—that is, he 
might measure the sun’s altitude with a sextant when that 
body is exactly at transit and, by means of a simple calcu¬ 
lation, obtain the latitude. Or he might make observations 
on PolarLs, if that star were visible. For longitude, he might 
make altitude readings on stains, planets, and other celestial 
objects when they were near the prime vertical. By such 
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meftiu, the latitude and longitude could be calculated 
separately. 

These procedures, however, have been largely left for 
high-precision work with the better itwtruments at observa¬ 
tories. The modern way at sea is to use "Sumner lines” or 
"lines of position", with which the navigator can entabliMh 
hia position (known w a "fix") in botlx latitude and longi¬ 
tude. The present method, originally used by Capt. 
Thomas H. Stimner, was improvo<l by Marc Sttint-IIilaire. 

To develop thin method, the navigator refern to the 
position of his vessel as dcrivwl by tlio deiwl-rcckoning 
procedure, This in suffidcntly close to the actual location of 
the ahij)—es]>ccially if the procedure has not been relied 
upon too long—so that it furnishes a auitablo starting- 
point for the navigator. 

The problem of the navigator at sea, then, is himilar in 
principle to the problem we faced when we were in a am all 
boat measuring distances and directions from islands, 
except that the navigator, since he is using the GP of 
a star as his island, must go through a more complicated 
procedure, 

Having selected the star, he "shoots” it with his sextant; 
that is, he uses an extremely accurate angle-measuring 
device to determine the altitude of the star above the 
horison. This is the moat difficult part of the process of 
celeatial navigation. 

Aa he does so, he makes a note of the exact time of the 
observation, in terms of Greenwich civil time (G.C.T). All 
data in the Nauficof Almanac are recorded in G.C.T, and 
ships* chronometers, set to this time-standard, are con¬ 
stantly checked by radio so that corrections for loss or gain 
by the timepiece can be made. 

With the correct G.C.T of observation, it is an easy matter 
for the navigator to refer to the l^auticcl Almanac to learn 
the position of the starts GP at the instant the observation 
was made, and once he has this knowledge he is in somewhat 
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the wme situation as we when we first sighted our island 
along the coart. He has seen his “island”, he knows where 
it is located, but he has yet to measure his Hictsnrf from it. 

To understand how this is done, wc look for help to 
the diagram d, in which the ship, the star, tie GP, the 
horison, and the senith are represented. We also have the 
angle A, which represents the altitude of the star and is 
obtained from the sextant reading; and the senith tlistance, 
which represents the angular measure of the sUr from the 
senith. The value of the zenith distance may be obtained 
by Kubtracting the starts altitude from 90^; naturally one 
could not measure the zenith distance directly. 

He chooses on his charts a point within, say, 40 miles of 
his dead-reckoning position (and which meets eertain 
qualifications) and designates that spot as assumed point 
AP. With this position on his plotting sheet as a center, he 
selects a sUr and, usmg a protractor, marks off the number 
of degrees in iU computed azimuth at AP, as obtained from 
the tables. 

That azimuth gives him the bearing from AP to the star's 
GP. To enter it on his chart, he draws a line from AP at the 
proper azimuth^^ngle. If he had chosen Sirius as his obser¬ 
vation star, the navigator would designate this line as “to 
Sirius”. 

Having noted the observed altitude of the sUr. togethei 
with the exact instant of observation, he next turns to his 
navigation tables and finds there the computed altitude for 
Sirius at that time for the assumed point AP. He then sub¬ 
tracts one from the other to determine the difference 
between them. 

If the observed altitude were greater than the computed 
altitude, he would know that his ship's position was nearer 
to the GP than the assumed position AP. If the observed 
altitude were less, then the true position would be further 
from the GP than the assxuned position. 

Supposing it were greater, the navigator would lay off 
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along the Sirius line, from the AP toward the >itar, the 
number of minutee (« nautical miles) of this difference 
and at the point indicated would draw a line (the Sumner 
line) at right angles to the Sirius—or aaimuth—line, If the 
observed altitude were less tlian the computed altitude, he 
would lay off, as the intei'ccpt, the number of minutes from 
the AP av'ay frcm the star and draw the Sumnor line as 
before, 

The SiriuH line has the same value as tlie radius of u 
<rircle based on the (*P of the star, and Uic new line drawn 
at right angles to it—the ‘Mine of poMilion*'—is for all 
practical purposes equal to an arc of a great circle. 

Hence, the navigator has in effect drawn one arc of a 
circle marking his distance from the CP, just os we did 
with our islands offshore. All that is now required is to 
repeat the procedure on a second star, and the intersection 
of the two position lines will show the location of the ship— 
just os the intersection of our two circles showed our posi¬ 
tion when we were dealing with the coastwise islands, 

In actual practice, the operation boils down simply to 
observing the altitude of the star and comparing it with the 
computed altitude (from the tables) to obtain the distance 
in minutes of arc (or miles) of the ship from the aasumed 
point AP. The Sumner line is then drawn, after which the 
process is repeated, Ideally, the second obaervation for 
altitude—^n a different heavenly body^u made on an 
object about 90^ in azimuth from the ffrst star, planet, etc, 
In this manner a more accurate fix is obtained than other¬ 
wise; for if two lines of position cross at right angles, an 
error in one will make a lesser error in the result. 

We remarked earlier that the government, in publishing 
certain volumes of tabular material, has enabled the 
mariner to do his work without recourse to knowledge of 
trigonometry or other mathematics than simple addi¬ 
tion and subtraction and the most obvious sort of geometry. 
But, in avoiding these added computations, we must make 
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cerUin concesmiocis to the published tables, and that U why 
there are qualifications govenung our selection of assumed 
point AP in the foregoing process of determining position 
lines. 

It would be possible to compute the distance uid bearing 
from the star's GP to AP by use of the '‘astronomical 
triangle”, which is illustrated in the accompanying diagram. 
The distance from north pole to equator is 90^; thus, as the 
cut shows, the distazxce of the GP from the north pole is 90^ 
minus the latitude of the GP. Also, the distance of AP from 
the north pole is 90^ plus the latitude of AP (because in thb 
case latitude represents distance south of the equator). 

The hour>angle, indicated as the angle H.A. in the diA> 
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gram, is equal to the difference between the longitude of AP 
and that of the GP. Since we know two sides of the ti’langlc 
and the angle between them, we could compute the length 
of the third side—the distance from the AP to the GP— 
and also the bearing between them, as (aeimuth) in tho 
diagram, by employing s{>herical trigonometry. 

But tlmt work hu^ already been done for ux, and the 
answers to the problem are in the books of tables for many 
different positions of iha GP nnd AP. Tlic tables, though, 
cannot cover every ctmcvivnble i)oint on the earth’s surface. 

And we, if wc wisli to av^ad tim employnicnt of spherical 
trigonometry, want to select, a position for AP tliat will 
enable us to find the answci' in the tal)lcs, Since the tables 
list evexy full degree from the cqtiator to 80®, wc select the 
nearest full degree of latitude to the deacUrcckoning pOHt> 
tion and place AP upon it. 

The difference in longitude between the GP and AP is 
also aet forth in the table in whole degrees, and so we select 
auch a longitude for AP os will give a whole degree for the 
hour-angle, for simplicity in taking values out of the table. 
One of the tables—known as H.O. 411—ia so made tliat 
actual dead-reckoning positions may be used. 

The entire operation, related in detail and with tltc 
reasons for each step desciibed in progression, may seem 
complicated. Actually, though, it boils down to these steps: 

1. Select an assumed position for the ship, based on dead- 
reckoning or determined by other means. 

4. Select a star or other celestial object and observe its 
altitude; note the time. 

8. From published data, obtain the azimuth (bearing) of 
the star ( ■ bearing of the star’s GP) and the computed 
altitude for the star at the assumed position. 

4. Compare the observed and computed altitudes and 
mark off in a certain direction along the bearing line through 
the assumed position the difference in minutes of arc 
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(oAuUcal piiW ). At that point, draw a line of position for 
the ship, at right aisles to the bearing. 

5. Repeat on a second star, and find the ship's position 
at the intersection of the two Sumner lines. 

And that is the story of navigation by the stars—in 
theory, and according to one of the several vsiriations of 
method. Navigation by the sun is similar in principle, but 
leKH accurate. Actually a special case of navigation by the 
KtaiM, it is complicated by the fact that there lh only one sun 
in the nky. Consequently, the navigator, in order to obtain 
two OP’h, muHt sh^t the sun once, wait until it has movc<l 
acrosK the heavcn.H, and ahooi it again. 

However, since his first line of |M>.sition would be too far 
from the sun to be of any use, he must advance it constantly 
across his chart while waiting to make his second observa¬ 
tion. This, naturally, introduces a source of inacctiracy. and 
the large diameter of the sun also makes it difficult to 
obtain an accurate sextant reading. 

Navigation for aircraft is also based on the same theory 
as navigation at sea, but it must take into conrideration' 
many problems that are peculiar to flight, such as the rapid 
speed of the plane and its altitude above the earth's surface. 
The air navigator employs a special type of sextant and the 
Air Almanac, a simplified form of the Sauticai Almanac, 
but he still relies upon the same principles as the mariner— 
still brings the stars down to earth and uses them as islands 
on which to judge his distance. 

In practice, the operations described require less time 
than it takes to tell, but learning how to perform them calls 
for considerably more. For oui exposition, we have assumed 
the taloDg of corrected and accurate sextant readmgs. 
Mer ely to operate such an instrument accurately caUs for 
constant practice and improvement of technique, for the 
slightest error in reading angles with this instrument is 
refiected in a ship's position that is miles from ita true 
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location. Greenwich civil time> also, must be highly accu¬ 
rate, and the chronometer coastantly corrected. 

We have, of course, deliberately avoided some of the 
technical terms and concepts that might be inti'oduced into 
this discussion but that, we feel, would prolong it and com¬ 
plicate it far beyond the requirements of the moment. It U 
not our intention, in this volume, to duplicato the fine works 
on navigation that have already been publinhed, nor to 
enable our reader to set out over the sea; rather, we have 
tried to acquaint him with tlie bo^tic metlxKls and the 
theory involved, so that he may have .nomc undorxtumUng 
of the art of navigation. 

For the reader whose interest has been whetted and who 
may have a practical purpose in familiarizing himself with 
the use of the sextant and of the tables in .the Nautical 
Almance, we suggest the following; Bradley, A. D., Maihe- 
maiic 9 cf Air and Marine Navi 0 ation» American Book Com* 
pany, New York, ld4i; Dutton, B., Navigation andNautical 
Aaironom^, TJ- S. Naval Institute, Annapolis, 1®48; Lyon, 
Thoburn C., Practical Air Namgation. Government Pri nting 
Office, Washington, D.C., 1940; Bowditch, AmortcanPrac- 
Heal Navigator, Government Printing Office, Washington 
D.C-i Mofferd, Geriy, Tks Cm#in^3fan«af, McGraw-Hill 
Book Company, Inc., New York, 1941- 
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PLoiograpky oi ike Heayens 


S oul of the meet beAuUful pictures ever made are of 
celestial objects. Modem photographs oi the Horse- 
head Nebula and the I«agooii Nebula, comets, meteors—all 
elicit feelings of wonder. The very apectacular photos 
commonly are made with great telescopes at Urge observa¬ 
tories, with elaborate and expensive equipment, equatorial 
mountings driven by clockwork, and “guided*' by most 
experienced astro-photo workers. Such pictures are made 
primarily for research and used incidentaDy for book 
illustrations. Parts of long-exposure negatives made In tbe 
observatory show details that no human eye can ever see in 
even the greatest of existing telescopes, typically the 
delicate spiral structure of nebulae. 

Astro-photography is a special adaptation of ordinary 
photography. There are two main functions. The first is to 
record structural details in heavenly objects. For this 
purpose great light-gathering power of lens or mirror of 
telescope is essential, together with long exposures where 
the light “piles up** an image by the cumdative effect of 
time and photo-chemical action. The second purpose is 
to derive exact positions of comets, planets, asteroids, and 
other moving objects of this type, and even of stars. These 
are essential to astronomy, for with this data celestial 
mechanicians can compute orbits. For this purpose photog¬ 
raphy is ordinarily used. 
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The Fixed Camera 

The reader can make some photographs even with inex- 
pensive equipment^ and such pictures will be pleasing as 
well as enjoyable to make. Of the three types of celestial 
photography the first method uses a fixed camera with 
no mountings and with this trails, conjunctions, and other 
simple phenomena are recorded. Stdlur trails give an 
exceedingly neat demonstration of the diurniil movement of 
objects on the celestial sphere as pro<luccd <lirectly by 
the earth's rotation. Trails are, in fiict, more interesting 
than one might think, because it is more difficult to get a 
good negative of trails than one might suppose. 

As the earth turns on its axis, it carries the observer and 
his camera with it, while the stars actually stand still form* 
ing lines of light on the plate. The camera is pointed toward 
the desired region of the sky, is very firmly propped; and 
is not by any means jarred during the long exposure. The 
trails will be arcs on the negative covering 15* for each 
sidereal hour of exposure. 

^bile it is true the camera may he pointed to equatorial 
stars, or any region, the most interesting phase of star-trail 
photography is the circumpolar region where the celestial 
pole is in the center of the picture. The arcs ate concentric 
with the real, invisible celestial pole in the center of the arcs- 
If a camera having ground-glass be used, focus on Polaris 
with a magnifier. In any case centering and focusing should 
be done carefully. Under certain atmospheric conditions, 
dew forms on the lens and must be wiped o£F at intervals. 
Extremely cautious use of a flashlight at an acute angle 
helps with this. 

The camera shutter should be opened to the widest 
aperture at which sufficiently good definition is obtained. 
A fast plate or film is used, to record the greatest number of 
stars, and development can be carried for contrast. It 
is a mistake to believe that longer exposures in this type 
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of work will bring out manj more stare than eborter 
ones. Tbe object is theoretically moving during exposure 
90 that it does not have time to accumulate intensity. 
Moreover, with single points of light, it is the sue of lens 
aperture that governs the faintness of star seen. For circum¬ 
polar trails, the most desirable exposure is about 2 to 4 
hours. 

The tnuls become nearly straight lines when the earners 
is directed onto the equatorial sky areas. Here we center od 
a bright region, such as Orion, and expose, say, ^ hour. The 
star group reproduces its natural con£guration, only 
showing movement 

The developed circumpolar negaUve shows that Polaris 
is not at the north celestial pole, but that this star itself 
moves in a little arc around the pole. Indeed a good negative 
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made with a sufficiently long>focus lens shows many stars 
between the north star and the pole. 

There is one other case where a fixed camera with no 
equatorial mount, and with no telescope in connection with 
ii> can be effective in astro-photo work. Planet conjunctions 
and occultations can be recorded in the case of the bright 
planets if a fast enough lens be used (always with a fast 
plate), or if particularly good technical work be done; for a 
slow lens can achieve results (see illustration of Venus at 
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occult&tion). If the lens is sufficiently good In quality, 
combined witli precise focusing and perfect register and 
also a fast, fine-grain plate> a good enJugement can be 
made. Add to this, that t^e focus of the lens should he as 
long as possible, for the original size of the image is so 
sm^l that a considerable enlargement of the negative is 
necessary. If the exposure is too abort, too faint an image 
results, and if too long, the diurnal motion causes a trail 
instead of a point. The brighter planets can be photo¬ 
graphed in 1 second with the fastest plates and l>inch 
aperture. 

It becomes obyious that the best photo work with the 
heavens is done with cameras having a ground'glaas with 
which to focus. Pictures can, however, be made with roll- 
film cameras and Instruments that by focusing scale can be 
set on ‘‘infinity*’; although nothing can excel plates for 
such work, and the holders should be carefully checked 
for register. Certain types of pictures can be made with a 
miniature camera, but in general, a 5^ X 4^ plate or 
4X0, with a lens not shorter than B inches (and preferably 
longer), is best to secure as large an image as possible. 

With ihe 

There are two general kinds of telescope mountings—the 
altazimuth and the equatorial. The former is a simple 
affair, but time exposures cannot be made with it, and need 
not be attempted. Yet exposures of about ^ second on the 
moon or sun may be attempted, and it is only on account 
of the short exposure that an altsisimutb can be used at all. 

At the ocular (eyepiece) end of a telescope of B inches or 
more, we moimt a small camera rigidly so that its axis is 
precisely in line with the telescope and looking through it. 
A board extending along the telescope tube supports the 
camera, or metal strips may be arranged instead. The entire 
camera need not be used, but rather we may institute a 
light plate-holder back (as described by King or Waters). 
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TnS CONSTJtLTATION LYKA^ 
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There are several methods of handling the optics, and it 
is interesting to try them all. 

The first, simplest, and in genera! the best method is to 
remove the ocular and the camera lens, so using the objec¬ 
tive or mirror of the telescope as the only optical element 
and effectually making a camera lens out of the telescope 
lens or mirror. The image is now thrown directly onto the 
ground-glass and focused with magnifier. Distance between , 
lens and ground-glass is the focal length of «the telescope. Of 
the three methods we describe, this one gives the smallest 
images and the sharpest, because the optical system is the 
simplest. 
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In the second method of celestUI photo^&phy with tel¬ 
escope hut preferably with an equatorial, we put an ocular 
on the telescope and by rackinf out somewhat, project the 
ima^ onto the ground-glass of the camera; this is the 
method of showing sun-spots on a screen (see Sun chapter) • 
only a photographic emulsion takes the place of the screen. 
The image is considerably la^r by this method, the sisc 
depending for one thing upon the eyepiece used. Conse- 
(juently, greater care and technique Skre required for good 
results. Larger images need more exposure: as the size of 
the same image is doubled, the area is increased by four, and 
four times as much exposure time la required. 

A third method entsuls the use of the telescope entire, and 
the camera also, but using the regular camera lens. There 
should be about an inch between the ocular and the camera 
lens. This method likewise gives large images and is more 
adapted to the equatorial mounting than the altasimutb. 
Considerable care will have to be exercised to obtain sharp 
images and hold them in the center when exposing. The 
focus of the camera is at infinity. 

One of the easiest and most interesting objects with which 
to begin our photography of the heavens is the moon. Short 
exposures of the moon can be mode without guiding, but if 
they are much over second, movement due to earth 
rotation blurs the picture. Lunar maria, mountain-walled 
plains, mountam ranges, and various selenographlc details 
all can be faithfully reproduced. Panchromatic emulsions 
must be used here and for practically all negative-making 
in astro-photo work. There is enough light that medium- 
speed plates can be xised for the moon in most of the work. A 
brand should be used that gives very fine grain and good 
resolving power of image. Exposures over i second are made 
with the equatorial mount, by using the driving mechanism, 
or else guiding by hand. 

With small telescopes the diameter of the moon’s image 
on the plate is os follows: focal length of telescope inches, 
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moon diameter 0.4 inch; focu^ 60 inches, 0.54 inch; focus 
78 inches, 0.7 incL A lot of experimenting will result in 
some good negatives which should stand enlargement of a 
few diameters. We should, then, aim for definition, color 
value, correct exposure, and development. Lack of red- 
sensitivity in the plates leads to the “seas” being repre¬ 
sented too dark, Also overdevelopment leads to harshness 
of contrast with accompanying darkness of the maria. The 
lighting on the moon to us is uneven on all but the full 
phase so that the values in high light and terminator are 
difficult to reproduce in one print. Sometimes the negative 
can be printed by shading parts of it while printing, but the 
photograph should not be tampered with so much that 
unfaithful tones are recorded. 

Aside from reproducing the lunar topography, there is 
the question of the varying sise of the moon, which can be 
shown as it goes nearer to or farther away from us during 
the lunar month. Then there is the libration phenomenon 
that can be recorded by the objects visible or not at the 
limb. Mare Smythii, for example, may or may not be seen 
at any given time, as explained in the lunar chapter. 

At full-moon times, our satellite is far brighter than at 
other phases, so the crescent phases need very much more 
exposure. Experiment, recording data. Of course at full- 
moon we can get a complete record of the maria in one 
picture. Also at this time the rays stand out most promi¬ 
nently, But in genera), the full moon does not offer the 
multitude of topographic detail that the quarter and 
gibbous phases do. Very interesting are the narrow crescent 
phases including the earthshine phenomenon, but turbu¬ 
lence in the atmosphere when the moon is low over the 
horizon tends to blur the image. 

Lunar eclipses are suited to photography, so that a plate 
can be made with multiple images, showing the moon every 
5 minutes. Various phenomena differ from eclipse to eclipse, 
and no one can forecast some of the differences. Not infre- 
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quently surprize tHOM than reward the observer for his 
efforts at astro*photo work. 

Photos of the sun are made in the same way by shorter 
exposures and a cutting down of the objective or minor by 
a diaphragm in the form of a ring placed over the lens or 
mirror. Also, slow plates be used. 

When photographing through the telescope, we may guide 
by means of the finder, using a high magnification and cross¬ 
hairs at right angles so that a star or other object in the field 
may be held precisely at the interaection. The guiding will 
likely prove iht most tedious and difficult part of the work, 
but it helps to produce fine negatives. 

Wiih the Attrchcamgra 

A third general type of celestial photography is that of 
the astro-camera mounted on an equatorial telescope. This 
gives constellations, star fields, small-scale comet views, 
etc. With the equatorial mount we can follow the stars in 
diurnal motion and thus give long exposures. It is impera¬ 
tive for photographing to have the mounting accurately 
adjusted and free of vibration, with smoothly working 
mechanical parts. The image once centered stays there as 
long as we either guide or else set in motion the driving 
clock, which does the following'* automatically. The 
driving clock alone is sufficient for short exposures, but for 
long ones, one must counteract irregularities in the mecha- 
nism by guiding by hand with the slow-motion screws. 

In making an astro-camera at home, we simply mount the 
camera on the telescope tube and parallel to it, and guide 
visually through the telescope under high magnification. A 
grafiex-type or other plate (or cut-film) camera ia very good 
for this work, although any plate camera will do, the impor¬ 
tant feature being the lens. Also it needs an equatorial 
mounting, but in these days of extensive amateur telescope¬ 
making, such mountings are not difficult to procure from 
telescope-makers. 
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ORION 


Tb« coiulelJtlioD of Orion, u pbotoifrspbed with »a uLroojti«r» on ob oqua- 
toria] mouAllp;. Ob the ohfioal, huodreda of faint atan oaa be ae«a, and about 
the Mme Maolt can be acluevod by aznateun, (Harverd Oetfiya O^aenaiory.) 
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As to tke lens, the vider the actu&l diiimeter (rather than 
its “f-value” or ratio of diameter to focal length), the more 
the efficiency in photographing faint stars. The ultra^rapld 
lens for most work is not the best, because the focal length 
is short, giving small images. Sometimes a good lens of the 
older “portrait” type is found which is very satisfactory. 
The central definition is good and the aperture is large. If 
it covers a wide enough field of view sharply, it may be 
suitable. The onastigmat is a better type. The very beat 
lenses of the kinds used in general photography are the 
specially highly corrected lensea known as apocknmaiji, 
although they are expensve, especially in wide actual 
apertures. Special lenses for astronomic^ work are better 
yet. They too are apochromati. One of the finest is the Carl 
Zeiss astro^fUndinser; another the Ross-Fecker lens; but 
as these are expensive, the beat we can do is to use an 
anastlgmat of good quality. 

Fainter stellar objects than the eye can see can be photo¬ 
graphed in a few minutes with proper guiding. Naturally 
there should be cross-hairs made of fine wire in the telescope 
ocular used for the guiding. Comets offer a very interesting 
held. In addition to their diurnal motion in the sky they 
show also a “proper motion” or drift with respect to the 
stars, so that the comet head sho\dd be held with precision 
on the cross-hairs during every moment of the exposure. 
Experience shows what exposures are needed for various 
plates and different degrees of brightness. 

Both refractors and reflectors have their advantages. For 
refractors we have a larger field of view cbvered sharply in 
the photograph, but the reflectors possess the advantage of 
greater illumination (f-value to photographers) and a better 
color correction. 

There is not a large volume of modem special literature 
on astro-photographic topics. H. H. Waters, AMrcTwnical 
Photography for Amateun, London, 1921, is stiU quite good. 
The best advanced work at present is £. S. King, Manual 
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cf CeUstial Pkotoffraphy. In King’a book an excellent photo¬ 
graphic method is given for adjusting and setting an equa¬ 
torial telescope to make its polar axis exactly parallel to 
the earth's axis. The work is authoritative, and many 
excellent references on the subject are given. In our Appen¬ 
dix y, some bints on specific photo topics are given. 

Advanced workers should obtain from theEastmanKo(hdc 
Company, Rochester, N. Y., the latest edition of Photo- 
frapkic PUite* for Scdontifir tind Technical Um, 
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Use o£ ike T'eleecope 

T ub first really good view of * heovenly body ia a tele¬ 
scope u illuminatiog sad ofteo eotrancing, A new 
imiverse is unfolded, opening tbe door to celestial vistas 
that lift us above the mundane and the commonplace in 
which we dwell. Until you try it, you are simply missing 
one of the finest inspirations in science. 

The Milky Way—to the naked eye but a broad band of 
light—is in the telescope resolved into myriads of sparkling 
stars, some colored, some forming curious configurations, 
and is resplendent with double and multiple stars, with 
glorious star clusters, hazy nebulae that are outer universes 
in themselves, Then there are various planets, each with its 
unique set of physical conditions different from the earth's, 
the many moons, iiin\unerable asteroids, the periodic 
comets. The telescope is the only means by which we can 
even begin to grasp the significance of the vast universe 
of which the earth is but a small fragmenL 
Even a field-glass is somewhat better than the naked 
eye; a pair of prism binoc\ilars is better yet; while to get the 
most out of astronomy, a telescope is an essential instru¬ 
ment. A field-glass is really a low-powered simple binocular 
with straight, short telescope tubes, and magnification 3 to 6 
diameters. Prism binoculars are more expensive and much 
finer. One needs a magnification of 10 to 20 diameters to 
begin to do astronomical work, which involves either 
high-power binoculars or a 2-in^ ^aas. A 3- to 4-inch 
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telescope is necessary for getting much of a start in sky 
observations. 

Two chief functions of a telescope are to gather more 
light than the unaided eye and to magnify the view. For 
the latter we always consider linear magnification and not 
areal. To test roughly the magnification of a telescope, focus 
it on a distant sign and with one eye examine the sign 
and with the other look along the outside of the tube; if 
now the letters of the sign in the glass urc, say, SO times 
the length of the letters seen with the eye alone, we suy the 
instrument has a magnlocation of 20 diamvU^rs. 

Telescopes are of two general types, the refractor and the 
reflector. The former is a glorified spy-glnas except that it 
produces an upsidc'down image, which is no disadvantage 
in astronomy, and minimizes loss of light from absorption 
by lenses. In a refractor the large lens or objective collects 
the light and forms an image in the air near the eye end of 
the instrument. The image is then magnified by an ocular 
(eyepiece), and by our selection of an eyepiece of the proper 
focal length, different magnifications become available 
according to the purpose and the observing conditions. 

With a reflector there is no objective, the light from a 
distant object being collected and brought to a focus by a 
concave mirror. By reflection from a prism or a small plane 
mirror, the light rays are sent to the side of the tube, where 
they are magnified and examined with the ocular. There are 
modifications from this simple type, but all utilize much the 
same principle. 

When the question of the type of telescope comes up, it 
is well to remember that refracting telescopes are superior 
to reflectors in certain respects. They are much less liable to 
damage from handling or neglect, and they offer a wider 
field of view and better definition. Further, they are always 
more nearly ready for instant use than reflectors. Eeflectors 
are much cheaper, taken aperture for aperture, but it is 
necessary to resilver reflector mirrors every few weeks or 
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months, depeniiing on local stmospheric conditions—a very 
troublesome process at best—unless one has tlie mirror 
aluminisad at a laboratory specializing in this process. So 
while tiie initial coat is greater for a refractor, it obviates 
this perpetual annoyance of reconditioning the mirror, or 
if not that at least the frequent centering of prism, mirror, 
etc. 

To summarise the chief advantages of a reflector, wc 
would list cheaper price for the same aperture, at least if 
home made; larger aperture for the same size of instrument 
(for the aperture ratio is greater); and color-correct quali- 
ti<^s. always useful in noting colors of double stars and 
sometimes for lunar topography and planet detail. The 
second factor gives us the advantage of ^tter photography 
of flint detail, as in nebulae, although not as large a field is 
covered os in refractors. 

Ordinarily, it is the refractor type that is on sale at the 
market, deflectors are usually home-made instruments, but 
the art of telescope-making is now so well developed that 
excellent instruments can be purchased. In selecting a 
telescope, it is preferable to get a smaller aperture with 
good lens and mounting rather than a larger telescope with 
an unsteady mount or poor lens. Perhaps one^half of the 
entire value of the telescope is in the mounting. A long tube 
has a tendency to vibrate, but a good rigid mounting will 
minimise vibration. Invariably, excessive vibration of the 
tube makes the stellar image **dance** and is ruinous to 
observation. 

In acquiring a telescope, it is utterly useless to purchase 
one of the really cheap kind—the type with a very light 
and unsteady mounting. No good objective can be offered 
new at a veiy low price, and the defloing power of such a 
lens is often so poor that no satisfaction is possible. Besides 
this the mounting musf have a certain rigidity, or else when 
a breeze comes up or when the tube is touched ever so 
lightly, the tube will take on tremors which become magni- 
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fied when we do observing, and nothing can he done until 
the image becomes quiet. With a very bad mounting the 
image almost never is quiet enough. 

As to prices of new telescopes, obviously exact prices 
cannot conveniently be given, lor they depend chiefly upon 
the moke, also choice of accessories, and for foreign instru¬ 
ments, upon the rate of exchange. However, a good 3-inch 
American altazimuth telescope (refractor) costs in the 
neighborhood of $300, and an equatorial of this size, about 
$400- A 6-inch reflector profeasionitlly ma<lo, with circles 
and equatorial, costs about $330. while a hujuc-madu 
mirror telescope con be constructed lor about one-third of 
this. However, a really excellent and well-tried second-hand 
instrument can be picked up at times for a reasonable sum. 

What the prospective buyer of a telescope should do is 
to have an expert telescopist test out either the new or the 
second-hand objective (or the mirror) before completing 
the purchase. We have encountered new apochromatie 
objectives even from the best manufacturers, that proved 
to be defective (by accident, having suffered jai perhaps or 
maladjustment); similarly we have found objectives of 
exquisite qualities hidden in an obscure telescope tube and 
outfit. And one cannoi properly test an objective by the 
use of a daylight object; it should be a single point of light, 
either a real star or an artificial one. 

The simplest telescope mounting is the altazimuth type, 
the commonest kind found in small instruments. In the 
least desirable forma, it consists of nothing more than n 
universal joint that allows movement in any direction but 
«ldom has the necessary rigidity- An improvement on this 
is the forked support for the tube, which has greater firm¬ 
ness and allows motion in either altitude or azimuth. 

The greatest drawback of the altazimuth mounting lies 
in the fact that, as the earth rotates, the star moves out of 
the field of view, and the telescope must be moved in two 
directions or their resultant to follow it With the altazi- 
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muth mount, this followiog of & cuinot he done easQy 
by hand or mechanically by clockwork or motor, and 
consequently observatories and many private astronomers 
have their instruments set on an equatorial mounting. 

The equatorial is unquestionably the best type, and the 
only kind feasible for serious observing and forastro-photog* 
raphy. These are more costly to buy or to have constructed, 
but many amateurs have made their own with crude 
materials and found them entirely practicable. 

The equatorial mounting consists of a polar axis and a 
declination axis. The polar axis is adjusted so that it is 
parallel to the earth’s axis and points exactly toward the 
celestial pole. Its inclination to the borixontal, of course, is 
precisely equal to the latitude of the station. In the finished 
instruments of the observatory, and of professional manu¬ 
facture, the polar axis has attached to it a graduated circle 
known as the Aour eireU, on which are marked hours and 
fractions thereof. The declination axis, at right angles to 
the polar axis, carries the daefmofion cwris, graduated in 
degrees, and also a counterweight that balances the weight 
of the telescope. 

The telescope tube itself is attached to one end of the 
declination axis, while the polar axis rests firmly (in a man¬ 
ner that permits rotation) on the tripod or pier which 
supports the entire instrument, as the accompanying 
diagram shows. 

The advantages of the equatorial mounting are great. For 
one thing, when an object is in the held of view, it can he 
kept there by only one movement of the telescope—in 
hour-angle. The decimation axis is not touched, and the 
telescope is only rotated in hour-angle, in a direction oppo¬ 
site to that of the earth’s rotation. It can be done by hand, 
or by means of a driving mechanism that will do it auto¬ 
matically and allow greater freedom for the observer. 

With this method photographs of long duration he 
made, for the counter-motion about the polar offsets 
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the rotation of the earth and keeps the object centered in 
the telescope field. Additional guiding, though> is needed 
for good photographs, and this is a manual process requiring 
considerable practice. Pkoiographi cannot U mcuU viih iho 
aUvrifniith vumnt, tor the star (mages take on a ^'skewed*' 
appearance. 

The other principal advantage of an equatorial is that an 
invisible object can be easUy located simply by setting the 
circles to the hour^ogle and declination of the object. For 
this we need three things: the sidereal time at the moment, 
the right ascension, and the declination. Sidereal time is 
read from a clock, but to set the clock it is necessary to 
make computations (see Appendix IV). The right ascension 
and tlie declination of the object are known. In the case of 
stars they are taken from the nautical almanacs (if fairly 
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bright st&rs) or from star atlases; or if faint stars, from star 
catalogs. Nebulae and star clusters have their places re* 
corded in atlases, also catalogs like Dreyer*s Neto General 
Catalogue. Paint planets and the asteroids have their 
coordinates in nautical almanacs and special publications; 
while ephemeral objects like comets are f ouud in various as- 
tronomicol magazines and bulletins, like the Hattard 
Annctuncement Cordt. 

Having the sidereal time and right ascension, we use 
these to find the hour-angle, according to the formula 

t — R.A. * A.o* 

where (is the sidereal time, itX. the right ascension, and 
k.a. the hour-angle. We set off the hour-angle on the hour- 
circle of the mounting and start the driving clock at once. 
This hour-angle measures the angle of view away from the 
meridian. Next, the declination is set off on the declination 
circle of the mounting. 

When the telescope is adjusted to the hour-angle and 
declination the object will be near the middle of the field 
of view. Here is where the finder helps, in showing on a 
small scale the configuration of stars involved. In the main 
telescope tube, it is usually best to use first a low-power 
ocular to pick up the image. In the case of an asteroid, faint 
satellite, etc., with image of stellar appearance, it may be 
necessary to make a plotting on a star chart, in order to 
distinguish the image from a star. Once an object is in the 
middle of the field of view, as long as the driving clock is 
running, the object will stay there, as the telescope is now 
following the stars in their diurnal motion. If the mounting 
has no driving clock, the telescope must be guided by hand. 

The objective (or mirror) is by far the most valuable part 
of the telescope, being the most expensive and needing the 
most protection. The rnain feature is the aperture, or diam¬ 
eter. The larger the aperture, the more light is gathered, 
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and the fainter the object that can be viewed- The word 
**power’* 18 a loose term and is spediically used to refer to 
magnification, not to light-gathering power. Magnifying 
power of a given objective varies with the ocular (eyepiece) 
used, and la found by dividing the focal length of the objec¬ 
tive by the focal length of the eyepiece. If we have a 4i-inch 
(110-mm) refractor and are using an ocular of 18-mm 
focus, we find the magnification thus. The focal length ih 
stated by the maker, or we find it roughly by experiment by 
removing the eyepiece and throwing the image of an 
extremely distant object onto u screen at the eye end, and 
measuring the distance from the optical center of the lens 
to the screen. We use the focus of the objective in milli¬ 
meters (1 inch * 25.4 mm). Suppose our 4^inch refractor 
has a focus of 1050 mm: the ocular mentioned would give h 
magnification of or 01.0 or G2 times. (This would be 
one of the best powers to use on such an instrument.) 

The greatest magnification obtainable with a givon in¬ 
strument depends upon quality of objective, quality of 
eyepiece, mounting, state of atmosphere. The combination 
of the nature of the celestial object and the sbitc of the 
atmosphere determines the proper power at the moment. 

It is a mistake common to most beginners to use high 
magnification in an efiort to distinguish detail. On the 
contrary, the lowest power that gives the necessary enlarge¬ 
ment is to be preferred. According to the state of the 
atmosphere at the time end the quality of objective or 
mirror, we can magnify only to a certain point, beyond 
which the image is not clear or is too hard to keep in the 
field on account perhaps of tremors due to wind. Even under 
the best conditions we do not always want highest magnifi¬ 
cation, as, for example, in viewing a large region on the moon 
or in examining sun-spots, or again in looking at double 
stars like Albireo or Misar. Thus, with a given state of air 
and quality of lens or mirror, each object itself has in 
general its own power needed. 
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Experienced obeerven are found to use. for most work, a 
me^ificatiott of about $0 to 40 for each inch of aperture. 
Yet occasionally they use as high as 100 to the inch under 
ideal conditions and for special work, like very close double 
stars; and a good lens will stand this power when the 
atmosphere wilt allow it. There are cases, like sweeping for 
comets, when a power of only about 5 to the inch is used, in 
order to get the widest field of view possible. 

There is some color in the objects and phenomena of the 
heavens, notably in planets, some stars, and eclipses. When 
this is an important matter to us, wo should use either a 
highly corrected objective in our refractor, or else use a 
reflector. An objective should be as free as possible from 
chromatic aberration, which causes colors to form around 
a brilliant object. The three-lens *‘apochromat'’ lens is 
superior to all others as a telescope objective. And of course 
for all colored objects the reflecting telescope cannot be 
beaten. In making color estimates, it is not safe to judge 
colon within about 15^ of the borison, for absorption and 
irregular refraction cause itnages to exhibit spurioxis colors. 

Irrespective of magnifleation, the aperture itself of a 
lens or mirror has certain features we should remember. 
These are light-gathering power and resolving power. One 
of the more abstruse optical qualities that concerns the 
telescope-user is this matter of rssoZsin^ power, Of two 
telescopes having the same magnifying power at the 
moment—if they have different apertures of objective or 
mirror, they will have different abilities to resolve double 
stars, or to see lunar detail, etc.; one of them may ^'split'* 
Gamma Andromedae, for instance-'—show it as two stars— 
and the other may not. So we say that resolving power is 
thS limit of the abUity of an optical system to record fine 
detail in the object viewed. For any given diameter there is 
a definite limit to resolving power, set by optical principles, 
and suffice it to say that this limit depends upon the diam¬ 
eter, of the lens, or the mirror; the larger the diameter, the 
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greater the resolving power. The following formula may be 
taken aa an average guide: 

5".0 
^ a 

where p is the resolving i>ower and a the aperture in inches. 
Thus a 12‘inch mirror will show as two separate stars, a 
double star whose components are separated by about 
0'^4 or more, under good conditions. 

There is some variation from the above value on account 
of the difference in the components of a double star. Tim 
value refers to double stars with components of abotit ccjual 
brightness and about sixth magnitude. Wlicn the com¬ 
ponents are fainter or the brightness more unequal, it takes 
a larger aperture to resolve them than otherwise. The 
limit we give is exceeded by some telescopes and observers. 
The full resolving power of any instrument is only attained 
under perfect atmospheric conditions. Resolving power 
explains why a more perfect view of the moon or Jupiter is 
given with large apertures, when the magnification is kei)t 
the same. 

The faintest star visible in a telescope depends upon 
several factors. The chief ones are diameter of instrument, 
clarity of atmosphere, and observer. If we suppose the 
atmosphere to be of the clearest and the observer’s eye of 
the keenest, we have left the instrument. With any given 
aperture there is a limit for the faintest possible magnitude 
of star that can be seen. 

From our Appendix VT we find that a twelfth-magnitude 
star is the faintest one visible in a 4-inch glass. But this 
means ideal conditions, and we must use high enough 
magnification in order to bring this about. The larger the 
telescope the fwnter the star, so that aperture is the moat 
important means of getting faint objects. But we must 
keep in mind that any particular magnitude is brighter or 
dimmer by times than a star one magnitude away. 
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Oculars are a small but important part of the Uloscope 
optical equipment. The moat important consideration is to 
choose a good manufacture. Strangely enough, expensive 
telescopes are sometimes fitted with poor eyepieces that 
result in low observing efficiency. 

Oculars are compound magDifiers, and their function is 
to magnify the primary image formed by the objective or 
mirror of the telescope. Their ske is marked in focal length. 
There are several types and the three most useful are the 
Iluygenian, the KeUMr, and the oftho«coptc. The Huygcniun 
is the simplest and cheapest. There are two plano-convex 
lenses with their convex sides away from the eye, and the 
image formed by the objective f^s between the lenses. 
The eye lens is the lens next to the eye, and the field lens 
is the one toward the objective. 

Looking into an eyepiece we find before us a circular field 
of view. A diameter of this circle subtends an angle always 
constant with any particular ocular, whether used on the 
telescope or held in the hand; this angle is the ap^retti field 
of new. The makers generally state the apparent field for a 
certain type of eyepiece. The best Huygenian oculars have 
an apparent field of view of 50*. 

The two principal advantages of a Huygens ocular are 
the cheapness and Urge apparent field. They are commonly 
used where low magnification is needed, on account of the 
poorer optical corrections, and where a wide angle is an 
advantage. 

For telescopes over inches in aperture it is well to have 
a finder attached to the teleMope tube. It is a miniature 
low-power instrument, with which to locate objects before 
examination with the regular lens. In case there be no 
finder, an object is first located most easily by use of the 
lowest power on hand, so that as many of the stars of the 
region as possible r*An be included in the field of view. This 
applies especially to picldng up an asteroid whose path has 
been plotted; in observing a comet whose tail requires a 
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wide field; and for star clusters, many of which extend 
beyond the field of view except under low power and wide 
field. The Huygens ocular is the best for such purposes. 

Another kind of field of view is the actual angle in the sky 
that is taken in by a telescope. This actual field of view on 
the sky varies with the magnification: the more we magnify, 
the smaller the actual field becomes. Tho actual field is con- 
stant with any individual ocular as used with a certain 
telescope. It depends upon the apparent field of the ocular 
and the magnification. To get the actual field, divi<Ic the 
apparent field by the magnification. 

Suppose we use a *i-mch refractor of 1050-miu focua. 
It is well to own one Huygenian of the heat manufacture, so 
that with the above instrument we shall select one of OO-mm 
focua. We aasumc the maker gives the apparent field as 
flO®, or we could determine it by experiment. To get the 
magnification used with it, we apply tho formula /’//os 
follows: thus on this instrument, a large 

60-mm eyepiece has a power of 87i diameters. To find tho 
actual field covered on the sky we have 50 + 47.5 - 1®.S, so 
that this eyepiece on our glass will always include 1*.8 of 
the heavens, which is a comparatively large field and is not 
often exceeded in telescopes. Finders, however, commonly 
include larger angles, like binoculam, which are therefore 
better when a field of 2^.5 or more is needed. 

The Kellner ocular (a modification of the lUmaden type) 
has a single field lens of plano-convex glass with plane aide 
toward the objective, and aa eye lens of smaller diameter, 
made of two cemented lenses. The ocular has better cor¬ 
rections than the Huygens type, but the field of view is 
smaller, usually 40’. The “field stop,*’ or diaphragm, is in 
front of the field lens, where the image from the objective 
comes to a focus. It is well to own a good Kellner for me¬ 
dium magnification. Its corrections and the clarity of the 
glass give immense satisfaction to the user. 

The very finest type of ocular is the orthoscopic. The or- 
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tho$COpic is ft quftdruple system; the field lens is a three- 
lens component, color-corrected, consisting of two outer 
biconvex (positive) crown lenses and, cemented between 
them, a biconcave lens of heavy flint glass. And then there 
is the eye lens, a single plano-convex lens with the plane side 
next the eye and only a small air space between this lens and 
the field lens, so that they are nearly in contact. 

The optical qualities of the orthoscopic axe such as to 
make it a superb lens. The apparent field of view is 40^, 
In general, it has the best definition, flatness of field, color 
correction, and absence from Internal reflection (*‘ghost’’) 
and distortion of any ocular. On account of the superior cor¬ 
rections, it is the best eyepiece for high magnification. Nor 
is there any disadvantage in using it for low magnification 
—except when a wider field <A view is necessary. 

Orthoscopies are made in focal lengths from to 50**”. 
The 3^ and the d*” give such high magnification that they 
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caxL seldom be used to adv&ntage^except in clearest atmos> 
phere. Naturally, the S"** can be used oitener than the 3““. 
However, in certain states of atmosphere, the S** can be 
used with satisfaction. On rare occasions the air is sufh* 
ciently tranquil to allow the use of this short-focus ocular 
even on a ^-inch refractor. 

The optical qualities of the small oculars appear to be 
equal to those in the longer foci; and this is especially re¬ 
markable in view of the exceedingly small size of these 
complicated lenses. The diameter of the lenses in Uu? 5-mm 
ocular is only 4““.5 or A diameter of the field 

stop is not much over I**. Until one uses a good orthoscopic 
eyepiece, he has little idea of the quality of image which the 
best oculars are able to give. 

Let us suppose we wish to equip with eyepieces a UO-mm 
(4i-iDch) telescope- The focus of the objective is 
The following would constitute an ideal equipment for such 
a telescope. 
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The above selection of foci and types are very carefully 
chosen and are based on extensive experience. Not every¬ 
one will desire to have all of the above eyepieces. The mag¬ 
nifications listed apply only to the focal length above. The 
set of oculars, however, is suited to almost any telescope, of 
shorter or longer focus. Refiectors generally will not be able 

|«96] 


* USE 01^ THE TELESCOPE * 


to use the longer foci. If the list has to be cut to five oculars > 
eliminate the two longest and the two shortest. In this case, 
the 25*** should be a Huygeman. and the IS”* a Kellner. 
When the telescope U provided with a good finder having a 
wide fie1d> the long-focus oculars giving lower power are 
not needed so much as otherwise. It is possible to be 
limited at first to two oculars, in which case procure a 
25-mm Huygens and a 12.5-nun orthoscopic. 

In the case of large telescopes in observatories, in order to 
obtain low magnification* more oculars on the long-focus 
end (at the top of the list) are necessary. A long-focus ocu¬ 
lar, such as a CO-mm Kellner, used on a medium-sbed 
observatory telescope, say of 16 inches aperture, affords 
views of the heavens that are absolutely entrancing. 

Objectives and eyepieces will last indefinitely if handled 
with care. Naturally, they are not to be jarred or scratched, 
and, in order to keep away dust and scratches, no optical 
surfaces should be left exposed when not in use. The objec¬ 
tive cap is always to be kept on while the lens is not in use, 
and oculars likewise should be covered when not on tho 
telescope and kept either in individual boxes or all of them 
kept in an ocular box. 

A zenith prism is almost an essential piece of equipment 
for observing objects nearly overhead. It affords greater 
comfort by directing the image at right angles to the tele¬ 
scope, so that the observer does not look straight through 
the tube and assume an awkward position for zenith ob¬ 
jects. But while the image seen in an astronomical refractor 
with ordinary eyepiece is turned upside down, it suffers a 
worse fate when observed with a zenith prism. It is then 
reversed in such a way that certain objects, say the moon, 
cannot be compared easily with the charts, and the observer 
cannot turn the moon chart in any position to coincide with 
the telescopic view without looking through the back of the 
paper. When looking straight through a refractor, he simply 
turns the chart upside down—if indeed it may not already 
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be published so, with north at the bottom, etc. Yet reversals 
do not matter for some objects, like star clusters. 

A detD<ap is an extension of the telescope tube beyond 
the objective. It is not to be confused with the objective 
cap, which fits snugly over the lens. Some makers provide 
dew-caps, hut most of them do not. The caps are of advan¬ 
tage in two ways. They actually tend to keep the dew from 
forming on an objective—which is apt to happen under 
certain conditions of the niglit air. When dew forms on a 
lens, the definition of the image is at once ruined, and the 
moisture must be carefully wiped off with a soft, clean clotli. 
Another use of the dew-cap is to block off extraneous light 
that might bo entering the objective. .The precaution is 
needed more in the city for bright lights than for dew; in the 
country it is needed more for dew than for lights. 

A dew-cap may be made with cardboard fixed around 
the end of the telescope tube at the objective end. It should 
not project far enough to cut off any of Che field of view, and 
this possibility can be ascertained by looking through the 
telescope from the eye end, with ocular removed. Dew-caps 
should not be so long as to become visible when looking 
thus; about 1 foot is right for a 5-inch refractor of 75 inches 
focus. Inside surfaces of dew-caps are always painted a dull 
black to absorb stray light. 

When using a flashlight to look at the atlas or notes at 
the telescope, cover it with a red cloth or a few thicknesses 
of red tissue paper, so that the glare does not affect the 
dark-adapted eye. Alter the eye is completely dark-adapted, 
use only the barest minimum of light in looking at the 
atlas; otherwise it will again take considerable time to be¬ 
come accustomed to the darkness. 

In cleaning lenses, always use the softest tissue or well- 
worn clean handkerchief and rub gently. Sometimes you 
will need to moisten the rag with clean water or pure alcohol 
to clean the lens, but the latter must be wiped dry. 

The phenomenon of “averted vision’* is useful to apply 
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in the telescope while observing excessively faint objects 
like nebulae, comet tails, or anything at the limits of vision. 
To use averted vision, we direct the eye deliberately a little 
away from the object under examination i now a strange 
thing takes place: it is noticed that distinctly more detail 
against the sky is seen, and often an otherwise hopeless 
situation can thus be saved. The region of most distinct 
vision in the human eye lies in the fovea centralis” (an 
area in the retina behind the pupil) but the fovea does not 
lie in the axis of the eye, which is the line^of-sight directed 
toward the object. 

There is a modified form of inverted vision which is of 
advantage at times. Suppose we have in the telescope field 
the section of a comet's tail, which is so faint as to be at the 
limit of vision, and we wish to trace the visible length to 
note its extent. If while looking at the comet we move the 
telescope field somewhat, rather fast, causing the image to 
go from side to side, the faintest possible parts of the tail 
will stand out against the darker sky, thus becoming visible 
where they may not have been o^erwise. Often one can 
apply this proc^ure to faint stars and planets. 

Directions in a telescopic field are at first perplexing, and 
they become more complicated when accessories like the 
zenith prism are used, and are notoriously so with reflecting 
telescopes. Subpolar areas of the sky likewise give confusing 
directions until they are studied. An ordinary astronomical 
telescope inverts the naked>eye view, turning everything 
upside down and reversing right for left It takes additional 
lenses (or prisms) to form an erected field ss in a spy-glass 
or pr:am>binoculars, but no erected field is needed in as* 
tronomy, so that these additional partial absorbers of light 
are purposely omitted. 

Suppose we are northern observers looking out at the 
heavens toward the south. If we look straight into an as* 
tronomlcal (inverting) telescope, we find our north direc¬ 
tion of the starry field actually at tfie bottom of the field of 
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view of the La3trunient> snd south at the top. East is at the 
right and west at the left side, so that the real naked-eye 
directions are all reversed- If we now institute a senith 
prism and look down into it (at right angles to the telescope 
tube), we find north at the top of the field of view and south 
at the bottom, but east and west are as before—for we have 
mirrored the original inverted imag^—and east in the field 
is still at the right side, while west in the field is still at the 
left side, so the directions are somewhat mixed up. 

But these conditions are relatively simple und easily 
understood, while observing near the meridian, that is, fac¬ 
ing due south. The complication enters when the telescope 
is moved off the meridian: now our directions rotate, so 
that, for example, if we look toward the west point of the 
horizon, the west-east line in the field of view points directly 
at the west point and becomes more vertical—indeed would 
be exactly so if we were at the equator. Complications of 
direction in a reflecting telescope can be straightened outhy 
viewing the moon and comparing the image with known 
directions as indicated on a chart of the moon. 

Do not expect any of the stars to show discs, no matter 
how large the telescope or how great the magnification: they 
are too far away. In fact, it would be well if we could present 
our readers with the exact idea of bow much can be seen 
in a telescope. It has been faithfully stated that one who 
has never looked through a telescope has no adequate idea 
of the wonders of the heavens. This statement is true, yet 
it is also true that the reader who studies the various speci¬ 
mens of fine celestial photography made with our largest 
instruments is apt to think he can have the same views in 
almost any telescope. Consequently he is doomed to a big 
disappointment; because the usual spectacular photograph 
has been made with exposure of many hours and so shows 
detail not even visible to the eye in a large telescope. 

Besides this, and the smaller size of the telescope used, 
the observer is confronted with another condition more or 
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less disconcerting. At the surface of the earth we are living 
in an ocean of atmosphere which compared to a tranquil, 
homogeneous fluid, U in a state of greater or lesser turbi^ty 
with difference of density and refraction, so that images of 
distant objects are subject to disturbances j hence the twink¬ 
ling of stars. Such effects vary from night to night—even 
from hour to hour—and they are worse with large apertures 
than with small. The effect, when bad, is known as “ boil¬ 
ing” of the air; it is an incessant rippling with all kinds of 
modification. So the tele8c<^ enthusiast should not expect 
to see the canals of Mars or the delicate spiral structure of 
certain nebulae on looking into even a large glass. Similarly 
the lunar mountain-ringed plains under high magnification 
are seldom os quiet as in their pictures, although outside of 
these disturbances of image they look more realistic than 
their pictures. The phenomenon of boiling is connected 
with temperature changes and convection currents of the 
air; the effect Is greatest down near tbe horizon. 

For good seeing ” conditions we want a tranquil atmos¬ 
phere, with minimum irregularities. Keep the telescope 
line-of-sight out of the way of cbimneys and other sources 
of heat. There seems to be no particular season when best 
seeing is attained, but it depends upon local atmospheric 
conditions. In the cold of winter-time it is often true that 
we have many clear skies; then the stars twinkle most and 
because of the clarity of atmosphere, we can see the faintest 
stars. But this is not the time for the finest "seeing” as we 
need a quieter atmosphere, and curiously enough a little 
mist, smoke, or haze is well known to give steadier images, 
particularly useful for planet observations. 

If too much haze exists, then too many of the fainter 
stars are blotted out from lack of transparency. Thus, in 
metropolitan areas, even in a cloudless sky there is notori¬ 
ously bad "seeing” and fifth- and sixth-magnitude stars 
which should be visible to the unaided eye seldom are seen 
at all For example, we have never yet seen perfectly normal 
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skies from New York City, as we can from many places a 
few miles away, with the Milky Way a clear band against 
a black sky; although occasionally there are fairly good 
nights even in New York, and we have really seen sixth- 
magnitude stars here at those exceptional times. Visibility 
of magnitude 6 with the unaided eye is usually taken os one 
of the tests of a normal sky and a good vision. Sometimes 
stars down to magnitude & or slightly fainter can be seen 
in particularly good locations, like Arizona, Peru, or South 
Africa, by eyes that are super-normal, but these conditions 
are exceptional. 

One method of overcoming some of the worst of bad see¬ 
ing conditions is to reduce the aperture of the objective or 
mirror, by means of a cardboard ring. By making the aper¬ 
ture relatively less compared to the air waves, such a ring 
often improves the seeing at the moment. Obviously, one 
can tell only by experiment what reduction will enhance 
the seeing moat, but the method is practicable. 

It is to be stressed that bad seeing conditions cannot be 
improved by high magnification; indeed, all other things 
being equal, use the lowest power that will give the desired 
effect. 

Among the best books on telescopes are Louis Bell, Tlu 
T$letco^, and the advanced work, Danjon and Couder, 
iAtnat4t « TiUicopu, 713 pages, Revue d'Optique, Pari«, 
1985. A more recent book is Dimitroff and Baker, 7’sieecopw 
and Accesiori^ty The Blakislon Company, 10S5. 
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Ajironomy £or ike Xraveler 


N o matter vhcrc one tr&veU on Oie earth, there are 
familUr guide^potfto in the j^lcy. Aa one travels east 
and west, there is little change overhead except in time. 
This IS described in the chapter on time. As one goes north 
and south, many changes occur overhead. Sun and stars 
climb the sky and new ones come into view, or the sim and 
moon appear lower in the sky as new stars climb into view. 
These changes are described in the chapter on southern 
skies. From the position of the stars it is possible to tell 
your geographic position, and this is describ^ in the chap> 
ter on navigation. But there are still other ways in which 
a traveler can better enjoy his travels by knowing some> 
thing about the appearance of the sky and the history of 
astronomy. 

In the South Seas, the Polynesian sailor is well worth 
watching. He navigates the tra^ess ocean without sextant 
or radio. He watches birds and cloud formations, but he is 
largely dependent on the sun and stars. Some of their re¬ 
markable feats of sailing are very hard to understand unless 
you realise that the Polynesians make excellent use of their 
navigation stars. 

In the arctic north, most people are more conscious of the 
changing altitude of the sun people of the middle 

latitudes. To people of Iceland and northern Norway, 
Sweden and Lapland, Alaska and Siberia the sun’s position 
gives warning of the approach of the long winter night when, 
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Sot montha, only moon and stars and an occasional bright 
aurora will light the sky. During the night the endlessly 
circling stars reel off the hours but give scant hint of when 
the sun will rise again. With the rising sun come the long 
arctic days when the few hardy crops grow continuously in 
almost constant sunshine. 

The visitor to Spitsbergen and the polar ice or one who 
crosses Asia on the Trans-Siberian railway has an excellent 
opportunity to see fine displays of the northern lights. He 
would doubtlcHS see better displays if he could ]>laa hin trip 
during a period of maximum sun-spots—but his chances are 
good even at minimum sun-spot occurrence. 

The mountain climber or the person crossing the ocean 
has the best chance to see the aodiaco) Ught—that faint 
cone of light sometimes visible In the west after sundown or 
in the east before sunrise. Any time when one has uninter¬ 
rupted horison and clear air is also the ideal time to try to 
see the gegenschein—that phenomenon usually suppoi<ed 
to be a faint reflection of the sun occasionally visible on the 
opposite side of the ecliptic, or sun's path. 

For the traveler there are many things to see not in the 
sky. There are astronomica) buildings, monuments, inKtrii- 
merits, and historic sites. Theie are the works of prohutoric 
and primitive peoples, the ruins of ancient civilisatioiut, and 
strange customs of remote people of our own time. 

In England one can see the Stonehenge, where early 
people erected a great stone colonnade from which to watcli 
the sun. Some 90 stones remain today arranged in a circle 
almost 100 feet across. Three stones, one laid across the top 
of the other two, make the doorway. The Stonehenge ia 
thought to have been used to mark the time of equinoxes 
and solstices, for some of the stones ore arranged so as to 
give an exact line-up for these observations. It was probably 
the scene of many colorful ceremonies. Many mounds, or 
barrows, as these Stone Age earthworks are called, are 
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associated with Stonehenge. In fact, 160 of them Ue within 
S miles of it. 

In Mexico there are many astronomical sites. The great 
pyramid of the sun at Teotihuacin, not far from Meadco 
etty, is especially interesting when you remember that 
there are 91 steps on each of four sideM. When you count the 
top platform, you have 365—one for each day of the year. 
In the National Museum the ancient calendar stone recallx 
the unusual calendar the early i>eople of this area used. On 
the Ktone are carved symbols of the 20 days of their short 
month and the symbols for the 18 regular months of these 
to (lays, plus a short month of just 5 days to make up the 
difference. In a remarkable system, which repeated every 52 
years, it vtA possible to place any day of ten thousand 
or more. The early Mexicans, the Mayans, also had a moon 
calendar and one based on the phases of Venus. All three 
calendars are thought to have worked together in an almost 
unbelievable aatronomical and mathematical system. There 
are records of eclipses on their stone monuments, too. 

one sees the fine architecture and art of these people, 
it is easier to understand their early mastery of some 
phases of astronomy. 

In southern Mexico, in the state of Oaxaca, there is an 
astronomical observatory at the ruined city of Monte Alban. 
Kecently excavated by the Mexican government, the build' 
ing has slits and openings for observations and many 
untisual feat\ire8. Less elaborate ruins in other parts of the 
country also have certain features which suggest that they 
were used os observatories. 

In Peru, the early Spanish conquerors discovered wonder¬ 
ful temples to the sun and moon. Prescott in his history 
describes the large gold and silver discs, representing the 
sun and moon, that were mounted on the inner walls of 
these two buildings. Of course, the gold and silver long ago 
disappeared, but it is a strange and wonderful experience 
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to stand in the massive stone rooms and imagine them with 
their former rich fittings, And if one is lucky enough to 
make the arduous trip back into the mountains to the 
moxintaintop city of Machu Pischu, he can see tlje further 
evidence of the astronomical interests of these sun wor¬ 
shipers. A huge stone aun-dial crowns the summit of this 
dramatic and mysterious sky-high ruined city. 

In India there are numerous places of astronomical 
interest“perhaj« the most striking ia Jaipur- Hci c a giant 
sun-dial 100 feet long and almost as high still remains fj*om 
ancient times. It is a massive and impressive sight. To erect 
it the labor of many peo])le was required over a long period 
of time. It is visited today only by the rare traveler who 
knows of its existence—but there was a day more than one 
thousand years ago, surely, when observations from it were 
made frequently and people eagerly observed the shadow s 
slowly creeping edge. 

In Egypt several thousand years ago the great pyramids 
were erected at Giao near Cairo. It is thought that there 
may be some astronomical significance in the central nhaft 
down which the light of certain stars may fall at ccjiain 
tunes of the year. Of course, to tlie Egyptians we owe the 
basic structure of our calendar, for they were the first to 
reckon the year by the sun's position rather than by the 
less regular periods measured by the moon. 

In China, where eclipses were carefully observed several 
thousand years ago, there are a number of sites of astronom¬ 
ical importance. Perhaps the most impressive is the 
Imperial Observatory at Peiping, where there is a fine 
collection of early instruments. Among the most beautiful 
are the ancient astrolabes, exquisitely designed and made 
in bronze. 

Historical and archeological sites like these are found in 
many countries with a rich tradition in early times. But 
there are many astronomical ideas and practices among 
modern people that reward the inquiring traveler. There 
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&re unusual customs amon^ the remote people of China and 
South America and among the primitive tribes of Africa 
and Australia. The American Indian, too, has an interesting 
star lore. The accounts of anthropologists who study these 
people usually yield unique ideas that have sprung from 
their study of the sky or their effort to explain some 
celestial phenomenon. 

And in the remote outposts of the world are places where 
happenings of astronomical importance have taken place. 
In Arisona, Siberia, and Estonia are scars on the earth’s 
surface where meteorites have fallen. The huge crater in 
Arizona, nearly a mile across and 500 feet deep, » well 
worth a visit. When this fall occurred is not known, but the 
fall in Siberia was only about forty years ago. There are 
still people living who remember the blinding flash, the 
thunderous sounds, and the tremendous vibrations of 
the impact of the fall. Although few travelers have visited the 
site, photographs have been taken of the area now marked 
by numerous water-filled craten and countless fallen trees. 
The crater in Estonia is older, snd new brush and trees 
have already partly disguised the ragged scar. The great 
Hoba West, the largest meteorite knosm, is still in the 
ground, near Grootfontein is South-West Africa. Partially 
excavated, it is estimated to weigh some 60 tons or more. 

Less exciting perhaps, but equally mteresting to many 
people are observatories where important discoveries have 
been made and places where astronomers have gone to make 
observations. In the Hudson Bay region important auroral 
studies have been made, while eclipse expeditions have 
gone to the Andes, South Sea Islands, Braail, and many 
other places. 

Capetown, at the southern tip of Aiiica, is where John 
Herschel went over a hundred years ago for his famous 
studies of the southern sides. And in Capetown today is 
the Royal Observatory of South Africa, founded during 
the time of BerscheVs studies. In Bloemfontein, South 
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Africa, there arc two important observatories—the southern 
stations of Harvard College and of the University of 
Michigan. And at Johannesburg are the southern station 
of Yale University and the Observatory of the Union of 
South Africa, founded in 190S, The other stations are about 
twenty years old. 

There arc famous observatories with long and eventful 
histories all along the traveler’s route. Not far from London, 
Greenwich Observatory is the center of time for all the 
world, for the world time Eones begin hero. They all 1 ‘efer 
to Greenwich as the zero, or prime, meridian. There in not a 
ship at sea or a plane in the aJv tltat does not owe its 
navigating to Greenwich. 

The observatory in Pam is distinguished for Cassini’s 
observations of Saturn and other planets, for ATitonia<U’K 
observations of Mars, and for the works of other astron¬ 
omers of note. The Fulkowa Observatory in Russia is 
famous for the work of Struve, the first of aevoral important 
aatronoroers of that name. When Fulkowa was founded, it 
was the most modern and best equipped observatory in tho 
world. 

While Herschel, the discoverer of the planet Uramw, 
made reflectors as large as 48 inches in diameter, tlie ]>la[iet 
Neptune was found in the 9-inch refractor at the Royal 
Observatory in Berlin. The planet Pluto, however, was 
discovered photographically when plates made in the IS- 
inch camera telescope were examined with the Blink 
microscope at the Lowell Observatory in Plagstaff, Ariz 
Flagstaff is known also for Perdval Lowell’s studies of Mars, 
as is abo the Royal Observatory in Milan, where Schiapa¬ 
relli carried out his long program of observation of Mars. 

The traveler who covers the globe will find many a station 
along his way where important astronomical programs are 
carried out. He may visit Sydney, Australia; Wellington, 
New Zealand; Lembang, Java; Kodoikanal, India; Bond- 
sareak, Algiers; or Stockholm, Vienna, Marseille, Florence, 

[808] 


* AST&OKOUY TOR TH£ TAATELER » 

Ver8ail]es> PoUdAm, And mAny other cities. In each he will 
find observatories mating studies of double stars, or 
clusters, or nebulae, or the sun, or other astronomical 
phenomena. Astronomers circle the globe. Iheirs is a truly 
uiuversal interest, and they explore the depths of space in 
Ktatioxis at the ends of the earth. 

The United States is the country where aatronomical 
observatories offer the greatest challenge to the traveler. 
Most of the world’s largest telcacoires and the most com> 
pletely equipiHxl and staffe<l observatories are now in the 
United Statea. California is the state most favored—it has 
the two largest telescopes. The 200>inch is at Palomar 
Mountain, the lOOdnch and the 60-inch at Mount Wilson, 
Paj^adena. The installation of the gigantic SOO-inch tele¬ 
scope was delayed by the Second World War, but the 
actual operation of this scientific wonder has only recently 
gotten started. The lOO-loch reflector near Pasadena 
remains one of the world’s wonders, and the 60-inch is still 
among the 10 largest mirrors. The 170-ioot vertical solar 
telescope is ahio of great interest. And near San Francisco 
is Lick Observatory with the second largest refracting 
telescope. 

The largest refractor is the 40-inch at Yerkes Observatory 
at Williams Bay, Wis. It is just one of many instruments 
at the University of Chicago observatory. The other large 
reflectors are at Ann Arbor, Mich.; Mount Locke, Tex.; 
Toronto, Ont., and Victoria. B.C.; Delaware. Ohio; and 
Oak Ridge, Mass. Reflectors below 60 inches are found at 
C6rdoba, Argentina; Berlin-Babelsburg. Germany; and 
Melbourne, Australia, as well as at the U. S. Naval 
Observatory in Washington, D.C., Flagstaff, Ariz., and 
other places. 

Everyone enjoys a visit to an observatory. When the 
observatory roof opens, like a Urge eye opening in the 
night, and then turns like an owl preparing for flight, it is 
an absorbing experience. When the huge telescope swings 
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noiselessly into position, iU several tons of weight moving 
like a fine watch, the traveler knows it has been well worth 
a side trip, or a bus ride, or even a long journey. And when 
he peers into space and sees the landscape of the moon, or 
the rings of Saturn, or the countless suns in some huge 
cluster, the traveler is impressed at the same time by the 
ingenuity of man and his insignificance in the vast and 
wonderful scale of things. 

And so the traveler may find that time, place, and nky 
conditions make it possible to observe j>hcnomcna rarely 
seen, or he may find along his way some of thase places 
made more interesting when he knows their astronomical 
history. 
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Tte Plofiing of Planet Patks 

M BRCintY and Vemu and t^e otHer planets in tbe sun*9 
retinue are always fascinating material for obaerva- 
tion> but to study them one must know where they are. 
Since they change position constantly, the observer must 
have a map or he must subscribe to one of the periodicals 
containing regular positions of the planets. But such charts 
as mentioned can be prepared only for a limited time in 
advance, and the periodicals may not always be available. 

The alternative, then, is for the amateur to construct such 
maps for himself. Four items are needed : a hard pencil, a 
good ruler (preferably one measuring millimeters and half¬ 
mill imeters—like the KeuSel and Esser ruler No. 14t)0 P), 
an atlas of the sky—whatever kind is available—end the 
Am&rican Ephemris and ^^autical Almanac (published each 
year by the Naval Observatory, Washington, D. C.) which 
contains daily planet and sun positions. 

Objects are located in the sky by means of two coordi¬ 
nates which correspond respectively to geographic lon¬ 
gitude and latitude—their right ascension (distance on 
the celestial equator from the vernal equinox measured 
eastward to the star’s hour-circle, in hours) and their 
declination (distance north or south of the celestial equator, 
in degrees). 

The ephemeris gives these positions for the planets, but 
with far greater accuracy than necessary for the present 
work; as a result it is advisable to ’‘round out *’ the numbers 
given. For example, Mercury’s position for January 1,1952, 
b given as: right ascension, I7^6"56*-d3; and declina¬ 
tion, —After the numbers have been simplified, 
this right ascension becomes 17^*, and the declination, 
—But this is for 0^ universal time and would be 
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used for 7 p-m., E-S-T. of December SI, ld4&. When the 
R.A. or Dec. is over SO seconds, Add Another minute. 

With the position so stoted, it is easy to indicate the 
point on the atlas, and the same procedure should be 
followed for other positions of the planet at intervsJs of 
6 days for Mercury, 10 or 15 days for Venus, and a month 
or more for the outer planets. With these points determined, 
a smooth curve drawn through them shows the planet’s 
apparent path among the stars for a given period. One 
factor remains to be considered, that of visibility. Indraw> 
ing your own maps, you will wish to indicate when the 
planet can be seen. The best criterion for visibility Is to 
determine whether the planet is withm about 15^ of the 
sun. If it is outside this purely arbitrary limit, it may be 
presumed visible. One way to ascertain this is to plot the 
sun on the same chart. 

Neptune, asteroids, and comets below fifth magnitude 
must be plotted on an atlas with stars to the eighth magni> 
tude and fainter. Only a few atlases are suitable for this; an 
especially good one for the purpose is the 
set of charts by Beyer-Graff (Hamburg. 3d ed.) wbich may 
be ordered from Stechert'Hafner, Inc., 81 East 10th St., 
New York 8. N. Y. 

All atlases are constructed with stated fixed coordinates 
for a certain year. But because of precession, the stellar 
reference points are constantly shifting. This precession al 
allowance must be accurately computed for telescopic 
objects (below sixth magnitude). The amount of preces> 
slonal variation for different regions of the aky appears 
directly on some charts or in tables accompanying them. 
According to this, make allowance for the precession and 
change the given values for the planet position to a new set 
that fits the chart. (For precession by formula, see end of 
this appendix.) When this is done you may proceed to plot 
as with the brighter planets. 

Charts of Neptune and the other planets are published 
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yearly in the Ob$erver*s Haridhook of th4 Royal Aitronomical 
Society qf Canada (3 “Wilcocks Street, Toronto). Asteroid 
positions are printed in Popular Aetronomy^ a magazine 
issued at NortJifield, Minn. Sky and Telescope and Monthly 
Eseninff Sky Map have good planet material. Uranus and 
Neptune charts appear in Handbook of the Briiisk AstrO’ 
nomical Association. 

An example of computation work for precession allow¬ 
ance follows. Column 1 gives the date of the origioal ephem- 
eris position. Column 9 gives the corresponding right 
ascension of the planet. The next step is to compute pro¬ 
cession for this position and change it to fit the Beyer- 
Graff charts, which are made for an equinox of 1B55. A 
table of computed values of what the precession allowance 
should he was computed by the author and used for the 
example, but is similar to and more exact than that offered 
in Stukcr's Stem-Atlas or the Beyer-Groff Siem-Atlae. In 
the table, column S gives the yearly precession in E.A. thus 
computed, and column 4 shows the allowance for (1988 — 
1858) or 88 years. Subtracting column 4 from 8 we have 
column 5, the correct right ascension for 1865, which is the 
R.A. the body would have if the equinox were still in 
the same position as in 1856. The remaining columns give 
the data for declination. The final positions as derived are 
plotted onto the 1655-equmox star atlas, and the planet 
should be found on the apparent path drawn on this chart. 

The most difficult part of the computing is to take proper 
care of the minus signs in the case of south (minus) declina¬ 
tion, and also to watch for the proper sign of declination 
allowance, for sometimes it is minus and sometimes plus. 
We subtract column 4 from column because we arc going 
backward in time from 1938 to 1865. Similarly, column 8 
is subtracted algebraicaUy from column 6, thus: — 
-(-16'.«) - -11^14^« + 16^2 or -lOW.O. If, with 
the 1938 data, we wished to reduce the positions to, say, 
the equinox of i08l, we should add algebraically instead 
of subtracting: -ll®ie'.«-f ( —16'.£) * -11®*7'.4. 
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EXAMPLE OF PRECESSION ALLOWANCE FOR VESTA. 1966 
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MftnlfesUy* the greatest obstacle to the whole method 
is to' find star charts available with stars fainter than sixth 
magnitude. There are almost none in existence. For comets 
and the brightest uteroids, plotting can be done on atlases 
like Schurig's or Norton's, when the object is not fainter 
than about 7. In the caae of fainter objects, they could still 
be plotted but would likely be indistinguishable on the 
sky from neighboring stars of the same magnitude, that do 
not show on the Scburig or Norton. When this method must 
be resorted to, one can still rely upon movement of the 
comet or asteroid from night to night to identify it. whereas, 
with proper charts, one can perform the identification 
definitely on the first night of observation. In general, we 
might say that most comets worth seeing can be plotted 
on such an atlas as Norton or Schurig. Neptune's position 
when once located on one of these charts can be followed 
for the entire season. 

Precessional change may be calculated by formula. The 
annual rate of change inB. A. ^m+nsina tan 5; and 
in declination, n cos a; where a s R. A., d » dec., m » 
+ ir.OOOOlSfiCf - 1900), and n » SO".0468 - 
0".000085(f ^ 1000); in which t is the year in question, as 
loss in example above. 
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AppcnJix IV 
Sidereal T^ime 

S iDfiREAL time is used principally in the astronomical 
observatory or by the individual observer. Certain 
observations can be recorded by thU time, and one of Its 
uses is in connection with the transit of stars. Another main 
function of sidereal time is in setting the telescope* for 
which purpose the sidereal time is simply read from a 
sidereal clock or watch. 

Sidereal time is ntatly but not exactly star time; it is 
wmol-^ifuinoz fine, and is a measure the earth’s rotation 
with respect to the equinox rather than to the sun. A 
sidereal day being shorter than a mean solv day by 
sidereal time or 3*53*. mean solar time, the 
sidereal timepiece is rated to gain that much in a mean 
solar day over an ordinary mean-solar timepiece. 

A typical sidereal watch or clock has S4 hours on the dial 
and is rated to sidereal time. But, in the absence of such 
an instrument, an ordinary clock or watch can be used by 
having it made to rtm fait by the above amount daily. This 
can be achieved and the clock set moat conveniently by 
the following means. We choose a certain hour of the day 
when the radio time signals can be received on the short¬ 
wave set. Then we compute the sidereal time for that 
moment for each day> for a number of days. By choosing 
such an hour we can check our mean-time clock and so know 
the correct time, both standard time and local civil time. 
Knowing therefore what the sidereal time should be at a 
certain moment each day, we read our sidereal clock and 
note the error (or the correction). By keeping record of the 
correction, we rate the timepiece accurately. Once the 
method is learned, the process is very simple. For instance, 
the writer, in checking his sidereal watch every day, takes 
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out one quantity from tlie nautical almanac, adds a con¬ 
stant quantity (see below), and then knows wbat tbe true 
sidereal time should be when the electric clock comes to 
0 ^ 0 “ 0 ‘. 

Suppose we have computed the true sidereal time for 0^ 
E.S.T. for several days by the aid of the nautical almanac; 
then we know wbat the sidereal time should be, and wc 
con get the error of the clock. A table should be drawn up 
by which the performance of the clock over a period of time 
is shown. The following is an example, the almanac values 
being given for universal time. 
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The above table indicates well the performance of the 
clock lor a four-day interval. (The time is here given in 
even hali-seconds but expressed decimally.) On February 1, 
at 0^ mean time, the sidereal clock is read, as per column S, 
which on comparison with column i yields the information 
that the clock is 6*.5 slow. Therefore the fimyr of the clock 
is —6* .5. We do not, however, need aiiy column for the 
error, but rather we change the sign of the latter quantity 
and call it tbe coTr$et£<m. The corr^Hon in scientific work 
is a quantity that must be added algebraically to an ob¬ 
served quantity (here the reading, column 3) to give the 
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true (juimtity. In nstroaoin^ it matters little liow large the 
actual correction U« for it is easy enough to add the amount 
to the observed reading; the chief pomt is to do the reading 
accurately. 

By studying column 4 as a whole, we can determine still 
more. Upon subtracting each quantity from the one follow¬ 
ing, we obtain the raU of the dock. Thus, between Febru¬ 
ary 4 at and February 5 at 0^, we have +3.5 — (+5.0) 
m -1.5, meaning that the clock gained 1*.5 during this 
day. In the quantities denoting correction and the rate, a 
plus sign indicates slate and a minus sign fast. Looking at 
column S, we observe that between February 1 and 2 the 
clock kept perfect time (to the half-second); but between 
February 2 and 3 it gained i second per day, and each day 
thereafter it gained I- second per day more than the day 
before, or it was accelerating by i' per day. The most 
important feature concerning the accuracy of a clock is to 
have the raU uniform, whether the rate is the same each 
day or accelerating or decelerating. The more uniform 
the clock, the better the performance. The best pendulum 
clocks in the world (like ^e Synchronome Free Pendulum) 
gain or lose but a very few thousandths of a second a 
day, but these are of exceptional accuracy. 

Of course in order to check the sidereal clock we must 
know how to calculate the sidereal time by the use of a 
nautical almanac, for a given place and time. (Short explana¬ 
tions are given in the almanacs, but they are not very 
detailed.) As an example, assume that you are at Columbus, 
Ohio, at longitude SS^W. and that you have a short-wave 
radio. If you tune in on station NSS at 10:55 to 11:00 p.m., 
E.S.T., on 4890 or 0423 kilocycles, you get 11348] the 
time signals for this moment oi mean time, thus coirecting 
your mean-time clock. At 10 p.m., read the sidereal clock 
to obtain its correction, knowing what the sidereal time 
should be. For 0^ E.S.T., tune in at 9425 kiiocydes. Obtain 
from the U. S. Naval Observatory the current list of radio 
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staboDs over wMch the time signals are sent; they may vary 
from the above from year to year. Signals are received at 
praxjtically every hour of the day. 

Your assumed longitude of SS® is equal to 5*^2“ of time, 
inasmuch as 15^ • 1^. Now the problem is to find the 
sidereal time for 10 p.m. E.S.T. on September 21, IMD, or 
28^0“0*, or 21^28*0' in terms of your local dvil time, for 
the time signals tell you when that will be. Looking at 
page 12, Amfrican Ephwi^ru and Nauiiral Almanac for 
1940, we find the sidereal time of 0^ uiiiversul time for 
September 21 to be 28^*58*52*.208. But at that moment it 
is not yet O'* civil time at your meridian, and, by the time 
it is 0\ the sidereal clock will have gained on the mean time. 
For this amount, add correction from Table ITT (American 
Epbemeris), 54*.539. The sum of these two quanbties equals 
the sidereal time for 0^ of your local meridian. In other 
words, your sidereal clock gains 64'.53d in the interval 
between the turning of the earth from 0^ to 83^ of longitude. 

However, we need now the sidereal time for a later 
period, 21^28*, rather than 0*^, so add local civil time, 
21^28". But during this mean-time interval the sidereal 
clock gains 3*3r.586 over the mean time, so add that 
quantity. The sum of all the quantlbes (deducting 24^) is 
21^1 **18',833, local sidereal time for 10 p.m., E.S.T., or 
9:28 p.m., Columbus local mean time. We tabulate the 
above to find sidereal time for 10 p.m., E.S.T., or 22'’0"0* 
‘‘sone time'*. First, subtracting 32" for difference between 
local meridian and standard meridian, we get 21^28*0' for 
local civil time. 

h m I 

Sidereal time of (r uelTerMl tine, Sept. Si, from 


Amenceo Bphemerij. SS 5S SS.tOS 

Reductioa fer loogitode tsUe 231, Amerieao 
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RedtictioQ for local dTil time, Ubl« III. S Sl.SSS 

Lo»l tidereol time for 10 p.m, E.S.T. II 81 18,538 
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If we add the la^t 3 of Uie 4 t&buUited quantities we obtain 
SI ^32*26*. 11^, which is a eorutonf c o mdton, to be added to 
the sidereal time of 0^ U.T. for any day desired, to get the 
local sidereal time of that particular longitude and that 
particular time (10 p.m.)> hence simplifying the calculations 
each day to only one addition. 


It IK important to note that every year or ao the schedule 
of time signals is c]iange<l; hence the projicr procedure is to 
obtain the current iwue of Tht Noanf Ohurvaiory Tima 
Signah, from the Nautical Almanac Office, U. S. Naval 
Observatory, Washington, D.C. This consists of several 
sheets of very useful information. Signals from NSS (An* 
napolis) are controlled directly by the Naval Observatory. 

One should also send for the schedule of time signals from 
the National Bureau of Standards, Washington, D.C. These 
.signals (from WWV, near Washington) are an exceedingly 
valuable feature and are somewhat different from the 
above. Signals [1^43] are broadcast on 2.4, 4, 10,15, and 
other megacycles, some being sent out continuously, night 
and day. Signals from WWV are based on Naval Observatory 
tunc^leterminations. 
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Darlc-'room Procedure 


W B MENTION a few points in connection with King’s 
chapter ‘'Development and Handling of Pintos” 
in Manual of Celutial Fhotography. In some places wc take 
issue with him. Ecdinal is a developer highly rocoramondod 
by King. This Is not neecaanrily the best developer. From 
extensive experience we find that pyro is still the best 
developer in general photography; especially would w(^ 
recommend it for lunar photography or other extended 
areas such as comets> but not necessarily always for star 
work. Beat gradations and shadow detail are attained with 
pyro. Otherwise metol-hydroquinone and orlol cannot be 
beaten. Some of the modern fine-grain formulas are excel¬ 
lent. The finest grain we have attained has been with the 
developer parapbenylene-diamene^ an agent somewhat difil- 
cult to work. It should be used only where ample exposure 
can be given. 

Another point is that in stellar work we develop for con¬ 
trast, but not in photos of the moon, for by doing so with 
the latter we ruin the gradation of tone, As to the hypo 
solution, the best one is sot a plain hypo bath. The English 
acid fixing-bath formula with tie potassium metehisulfitc 
proves to be a superlative bath for everything (including 
papers), except extreme hot-weather negative-developing 
work 01 where one has difficulty with the hardening of the 
emulsion. A suitable formula is; 
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Dissolve first the hypo. and. when this is dissolved, the 
hypo bath being cool, add the metabisulfite. The advantage 
over the hypo-alum bath commonly used In America Is the 
clearness of the solution together with ease of mixing it. 
If the temperature in the dark room is very high, the usual 
hypo-alum bath recommended by plate-makers may be 
used. 

The scientific method of plate development is the thermo* 
time (“time-and-ternpcrature’*) system- A deep green 
safellght is the best to use in Uie dark room and can be 
used for all negatives. We never use the inefficient and 
outmoded red light. When we find by experiment that a 
certain developer gives the proper contrast in x minutes 
at a certain temperature with oui standard formula, we 
thereafter develop for x minutes in that developer at that 
temperature, not looking at the plate during development, 
but rocking the tray or moving the developing hanger 
during the process and watching the clock instead. Indeed 
no adequate inspection can be given a fast panchromatic 
plate, and no better method is known than this standardised 
system. The tray or tank should be covered or left in ab¬ 
solute darkness. 

Panchromatic emulsions are not difficult to work, 
particularly when the technique is standardized. It is to 
be stressed that these plates or cut-films are the best for 
nearly every purpose; in fact the red-blind typeu naturally 
defective and should have only limits use. The Ilford. 
Eastman, and other companies manufacture various grades 
of special plates suited to astro-photography, and there are 
some remarkable emulsions. When plates are used, it is of 
advantage, and in many cases quite essential, as in pictures 
of the moon, to use backed or double-coated plates rather 
than single-coated ones. Another bit of advice not usually 
known is that unestpo*td piaitt pruenv their keeping 
qualities much hetisr when stored in the electric rrfrigerator. 
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Talle of Famfesf ^^aguiiucle anJ 
Resolying Power 


I N COLUMN 3 are the theoretical limits of faintest majfni- 
tude discernible with a giv<'n ajHTtiire of telescope^ 
lens or mirror. The values ar<‘ based upon the fonnula 
ffi - 0 + 5 log 

where m is the magnitude and A the aperture in inches, 
The results are ‘‘ideal”, and apply to excel lent seeing 
conditions, normal vision, and normal aperture-ratio of 
telescope, 

In column 4 is the theoretical resolving power for various 
apertures. For example, an SO-mm objective con resolve a 
double star whose components are at least I".5 apart. The 
values are based upon the formula 
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where r.p. is the resolTiDg power, and A the aperture in 
inches. This applies to pairs of about equal brightness and 
sixth magnitude. (When the pairs are unequal and the mean 
magnitudes fainter, the numerator must be considerably 
increased.) Under exceptional conditions, slightly closer 
stars than the above may be resolved; whereas, under poor 
conditions, the given limits may not be attained, 
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CarvM. ara« 

Oaur..«up 

&»•. nm 

Cygvai.. 

UaipNIaat.dalghlB 

UeraAe.avardAah 

!>••«•.dragon 

Bqvvima.JUtla hafM 

Krldaanf.rirarSKdamu 

Ppttiaa.krvaeo 

Oanni.twiaa 

Gru(.. 

Bmala.HarcalM 

.alaak 

Hyd*.•atot>oofi(ttf 

H^dfw.watarHaaka 

I*d«.Iftdlaa 

.iMtd 


0aa^^MA«a ifMaiKg 

la«.Uea 

Lm Mliwff.aaiallaf Saa 

UfrUf.Jiafv 

ld1»ri. artln 

Upw.waJf 

Lfis. Ij^at 

.fiajp 

Mania.tabk •minula 

MJmaaaMup.■■InrwNipa 

Kattoaama.unleera 

Uiuea.ity 

^a^(M.(kuara 

OcUin.acuat 

Ophluah w.aerpaai-baarar 

Ortar.buKta* 

P»vB.iwaaaak 

Pagoaua.Paiaau 

.IVrMM 

fLaanb.pliaanli 

?lai*r.Ml 

PWa*.tahaa 

PM( AwvIflM.aMitWa «ah 

NppU.Mate 

Crala.taapaa 

OatkaluB.nal 

.. 

.arthar 

Bccridai.aaarptae 

SeelpM.aauJpUf 

Soitaa.aldald 

Sarfm Capet..aarpaai—liHd 

BatpoM Caude.aarpast^uJI 

Satuaa.. 

TiWia.bull 

l^taBaapluB.lalaaaapa 

Trianielaa.triangk 

THaAgelan AaitfaJi.anUMre triaugla 

T-ew*.l«Mu> 

UraeMadw.larger bM» 

Gne MiDcr.aaaner W 

VAu.Mila 

virga.Vlrfia 

Talaaa.S/iAg AA 

TuJpanla.Kuk lax 
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34essier Objects 


M ebsibe’s catalog of 8tar clusters and nebulae contains 
a number of the best objects for observation. The 
oxiginal list was published in 1784 in the Contiaumncc drit 
imps. We give below the entire list, together with tlu; 
corresponding NGC. numl>crs, Our list, however, is inodei'u- 
i«ed, with positions for the equinox of 1050 and the con.ntel- 
Utions according to the xtandawl official houmlnries. lu 
column 5 we give the kind of object as revealed in the large 
telescopes; in a few cases these differ from the older descrip¬ 
tions in Dreyer’s Nm Oeneral Caiahffuc. 

The ffalccti^ durUrs are the open star clusters. For the 
spiral nebulae we use the term spiral galaxies. We give first 
for convenience a classification of star clusters and nebulae. ’ 
with well-known typical examples. Many of the McHsier 
clusters and nebulae occur in the Selected List at the cml of 
Chap. 14. 

Star fgalactic (or open); M 44; M 46 
clusters I globular: M 5; M 13 


Nebulae 




extra-gal 


fgalactic/diffuse: M8; M20; M4fi 

planetary: M 27; M $7; M 07 
actic (externa) galaxies) 

/regu I a r /el liptical (spheroidal): 
galaxies^ M 82; MOO; M 87 

( normal: M SI; 

barred: NGC 6850; 
NGC 7479 

irregular galaxies: M 82; NGC 2070; 
NGC 6822; Magellanic Clouds 
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, 

t44« 

h m 

i &I,* +«i ai 
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a 
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4 

riTTi 

14«l.a wH 1 


Cbtokrrtour 


4 

4«»i 
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14 
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i: 
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14 
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It 
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99 

MU 
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14 

MU 
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Ikduiriw 
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14 
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1 49.4 - 4 ft) 
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MM 
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« 

Mil 
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M 
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CftftrtnrwB 

Cktokrdnw 



• MI Uf bMA MmLM m « 9i»»0iMrr atUh. iMfa ««« ft b tk* « Atn* 
f—TfnUyt* >ffr> fw l« t wc •iMk.Mtf hMtte Ww*fito«f iktpMS itpWiw • iww. 

ri* tlibrMe.«7Uf«rMl»UMAaH^/»4i*0ii«ta»M, la IMS MtW«cMd f»»»l»* 

(Mbt t» Urnv'* KGC. Tha M^h b lM«* 411C 47*». iate «■ 

>4 im. 

IH IM ha be« UaliM a "paUpa' HOC MM hr BaOv •( Bm b IMT a- 

•wv)m by Dt. H a ba A lUft iW ImI ihu a bUfc hy ffam UbAab (vrtRa ia tnb 

•Jid McaUy 4bc«*m4 aw«w<4 Um U IM vm m mrm mJ *w aiw a^ku K 141. 
[/#w. Sat. AlL Aw. ^ CwM*. SapL^^kL, 1M7. ^ MA} 
i AranBa* ta Dr. Happ. UbAaia ■■,■» mJ waay af (to Miww ■ tot. Md k U* 

WttN ^atbawl atora. to hb i JfBtiiml ■ rtalii. 4 ^kh Pr. Bm *>* Ufa fax aw^t (e to 
Mt viA tto iiHfkil B« wkh ito Mataafivtp ht^ 
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IWl(<»v 1450 


Typoef eV/**i 
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M 
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M 
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u 
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«| 

B 
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?B^ll 
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4r 

9471 
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41 


• II I - 1 41 
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41 
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19 tf.9 + 4 ll 

Vlrr* 
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JO 
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J] 
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M 
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19 19,0 +91 11 

CM^to 


M 
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44 

4VI5 

19 51.4 -99 91 

Hofliurlvi 

GJebaUf rtoiUr 


u 

•4M 

30 10.4 -91 4 


Ototoilar elwUr 


M 

«n» 

10 U,9 +M 4 

ZiJrA 

GlebtiUf rliMter 


j; 


19 51.7 +59 95 

I.7N 

floniUrr nabeU 
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M 

45T4 

19 99.1 +19 S 

Vltto 

JHmI Kal*s5 

4» 

•411 

11 59.9 +11 54 
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w 

4944 

14 41. ft +11 90 

VIrie 
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SI 

4405 

ft 14.4 + 4 45 
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4t 

4944 

• 99.9 -M i 

Ophlsrhuf 



45 

lejj 

9 14.9 +49 If 

DwiM ▼wiiUri 



44 

4494 

9 54.5 +91 91 

Sea* Bnmim 

Spiral 5el*ir 


4J 

94U 

t 19.5 +14 99 

140 

Spiral filuy 


44 

5497 

1 ir,4 +14 14 

Lee , 

S^ral patov 


er 

M49 

9 49,5 +11 0 

Seaoer 

lalectk risiter 


45 

4440 

9 54.8 -94 9f 




44 

4497 

9 99.1 -99 12 

to9ilurlBi 

rleMlar «liuter 


70 

4491 

8 44.4 -59 91 

SefilUrliu 
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Tke Brigktcst St 


ars 


T he subjoined list oi brightest stars in the Klcy is 
arranged in order of magnitude, beginning with the 
brightest. The measure of brilliance is by maffnxtudr; and, 
in column 8, “Mag,” represents the apparent visual 
magnitude. 

Ihe positions of the stains ai'e for the standard equinox of 
1850; while none of the “fixed stars” in really fixed, thcii* 
motions in space as perceived by us are so slow that tho 
tabular positions are quite correct for a conxiderahlc num¬ 
ber of years around 1850. 

Column 4 gives the spectral type, for reference, and tlic 
color of the star as seen by the eye. These color-doAignations 
are by no means guaranteed but probably on the whole are 
essentially correct. In a majority of oases they are based on 
the corresponding spectral type; yet the color does not 
always rigidly follow the type. Besides, the matter of color 
is notoriously uncertain for another reason, namely, that 
various observers are apt to record colors differently. 

In column 5, the distance of the star from us is computed 
from the parallax, from the formula 

P 

where d is the distance in light-years and p is the parallax In 
seconds of arc. The distances are in fwly round numbers 
and should not be considered extremely accurate, because 
parallaxes, which are excessively small angles, are difficult 
to measure. Moreover, it Is often necessary to use the mean 
of the trigonometric and the spectroscopic parallaxes, and 
there may be a large discrepancy between them. Our 

[sse] 
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basic data are computed from authoritative parallax 
determinations. 

'Hie radial velocity in column 6 indicatea motion of a star 
in the line of sight. It is the speed of approach to the center 
of the solar system or recession from it. A plus sign signifies 
an increasing or recearion, while a minus sign 

signifies a decreasing distance or approadi. As it is usually 
given in kilometers per second, we have recorded it so. 
(1 km. - O.fieiST mile.) 

Column 7 indicates very closely the date when the star 
transits the observer's meridian at d p.m., local civil time. 
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Ecli 


psed 


T hb subjoined table includes lunar and solar eclipse 
data of interest to tbe observer; it lists 
1. Total eclipses of the sun from ld4S to the year 3000. 
Column i indicates the approximate track of the total 
phase, over the earth's surface. Partial phases occur over a 
wide area on either side of this path of totality. 

3. Annular eclipses occurring from 1048 to W$S. 

8. Total eclipses of the moon occurring from 1048 to 
1965. The approximate time (in Eastern standard time) is 
given, as well as the computed duration 
column 4 is the general region on the earth 
eclipse is visible. 

Our data are derived a nd computed from 
Conen dsr Ftnstemwss, by Oppolser. 


of totality. In 
from which the 

the basic work, 
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1. TOTAL SOLAB BCXJFSSS» 1948 to SOOO A.D. 


Dot« Path of TeUl Phaae 

1948, Uay 9.liMjiaa Oce&o> aoulbeutero Asia. MfOM th« Pacific Ocoan 

1948, Nov. t. CenlnU Africa, soulb Indian Ooean to tb« Pacific went of 

New Zealand 

I DM, Sept. 19.... Kortb polar regioaa, aortheaalern Sberia, into oild>iiarth 
Pacific Ocean 

1989, Peb. U.,.. AcrOM aortb Africa and Arabia, into ccnlml Alla 
1954, June 80.... Oesual United Stalea, sorlheaaCofQ Canada, <ircenlan«l, 
loutbern Scandinavia, nctOMi UuMua Inin India 
1958, June 90.,,. Indian Ocean, aoulh India, aernea aoutheaalcrn Aeln, tv north 
Pacific Ocean 

1950. June 8.South Pacific Ocean 

1950, Oct. 19.,.. SeutH Pacific Ocean, ending in eouthern South America 

1989, Oct, 9. Eaitern Nav Ea^and, acroei the north Atlantic and ntnih 

Africa to the north Indian Ocean 

1001, Feb. 15.... Day of Dlaeay, acreei Prance, oortbera ItAly, eouthsaetorn 
Europe, aorthweetem and aorthern Ada, to the Arctlo 

1908, Feb, 5. Domee, N’ew Guinea, central and nerthorn Padftc Ocean 

1958, July 80.... Japan, Berl&f Sea, Alieka, northern (^aila, tnkbnorth 
Atlantic Ocean 

1958, May 80.... South Pacific: New Zenland—Marqueeae laUnde^l'eru 
1050, May to.... Atlantic Ocean, NW Africa, Kadltermneaa H«a, ncrow Ada 
1900, Nov. 19,... Pacific, waet of Galdpa^ lalandji, ecroaa aoulhern South 
Acoeriov, ncroee the aouth Atlantic In the Indian Ocean 

1907, Nev. 9.Antarctic Ocean. Antarctica 

1900, Sapt. 88.... Arctic Ocean, northern Ituiela, to central Ajia 
1970, Mar. 7..... Central Pccific Ocean, Mexico, l^orlda, to mld*nnrth Atlantic 
Ocean 

1979, July 10.... Nerthaaitern Aeia, Alaika, nortliern f'aneda, to nld'Atlantie 
Oceeo 

1978, June 80,,,. Northern South Amorica, Atinntio Ocean, acroH northern 

Africa to mid>Indlaa Ocean 

1974, Jtme 90.... Southern Indian Ocean and AnlaMtlo Ocean, aeutb of 
Auetniia 

1970, Oct. 88,.., Baet Africa, acroee the Indian Ocean and Auetralia te a point 
near Nev Zealand 

1977, Oct. 18.... Uid'oorth Pacific Ocean, nutheaatward, cstendlny into 
northern South America 

1979, Feb. 90..North Pacific Ocean, northweat tip of United Statee, ecrou 

Canada, Hudeen Bay, Into central Greenland 

1990. Feb. 10,,,. Atlantic Ocean, acrese central Africa, Indian Ocean, India, 

eouthern China 

1981. July 81..., SoutheaeUra Enrope, aooie Siberia, to mid-north Pacific 
Ocean 
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1883, June U .... SoQth Ii»dka 0 «*b. ama the FaM laAec, U westani 

PaciBe Oceu 

1834, May 30.... Paei&c 1>rr>n aeraa M an c ot Mulhcra l)aic«<i SUtaa, acroa 
AtUaik l« northoB Afnca 

IM4, Kor. H.,.. Ba rt India, aaroa Um ao«lB Paa&e Oeaa ta a point off the 
e<aatc/ ChOe 
1836. Nov. H.... AoUniie Ocan 

18M. OeU 3.(A ahort alipae.l la the Alkatk jiut off the amithaat nut 

of GiveoUad 

18S7. Mar. i8..., Patafoaia. aetoa the aowCh Aikfttic Ckeoo. ama Africa 
lOHM. Mar. U.... KuternIndiaaOcew. amaSonata. Uw Malay PeiunMU. 

into the Borth PaeiSe. aatia (he PhUspi^ UaiuU to a 
point eenth of Alaika 

1N0. July M.... Fiaknd. the Afttie Onan. aortheaetero Aria, arroa tho 
north PariBe 

1801. July 11.... hfUUI'aeUk Ocean, aeron Masico. rostral Anorioa, soHhern 
Sosth Anor^ Into BraaS 

1888. fuM 30_Southeaetera Soath Asteriea. aeron nld-oouth AUaoUe to 

tho ladiaa AnUictk Ocean 

1884, Mot. 8. PaclAe Ocean eouth el the CaUpafoe Iala«U aemn South 

Annka and the eeath Atlantic Ocaaa (e the weeura 
ladiaa Ocean 

)8M, Oct. M_SoathvMten Am. atfon sorthen India, the hftalay Pcoin* 

late ■id'PadSc Oeaea 

1887, Mar. 0. Ceatr^ Aaia, amea NB Am, lato the Afctk Ocean 

1883, Feb. M_ HU-PaeifieOcana. acreeethe northers tip el South A cneriea. 

aeroM the Atlantic Ocmb to the Canary leUada 
1088. Au|. It.... Atlantic Occaa eoulh of Nora ScetK aoreea the eortb 
Atlaatk, actcaecrotraIBwepe. »eath«e Aria, aal ooribirn 

ladU 


8000 ..[No leul iolar ectipae) 

9 . ANKULAB SCUPSBS, 1843 la 1833 A.D, 

peu Fath el Annular Phaee 

I860, Mar. 16.... AnUrcri^ and (he Antarctic Ocean 

1361, Mar. 7 .Ke« ZeaUri. acme the eeuth Pacific Ocean, acrow the 

ertrOBe nerlhva tip el South Amerka 

1961. Sept 1. Eaatem United SUtea. aereae the AtUatie Ocaao and the 

Sahara to Madafaatnr 

196S.AU3. SO_PeeificOcean.vealefCatralABVMa.a(MeeSQuth Aouctea 

to the AntareCk Oeenn eouth el Afria 

1884, Jaa. 6.AatarcUe Oeun. Antarctica, aenlh Pnofic Ocean 

1864, Dec. 86 _South Atkniic Ocean, arouad South Africa, the eouth Indian 

Ocean to the Eattlnttia 

1866, Dec. 14_The Se^ra, aetlh ladrin Ocean. a«oa eoutheaatm Aria 

to the weetem Peetfic Oman 

[$ 39 ] 
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\9VJ, Apr. 80.... [A ibort eclipse.] The norUiero cniuit of Ru.<feUA snd the .Arctic 
OccAD 

1908. Apr. 10.... North lAdiiui Ocean, acrossnouthciulcrB ^Vsja. intc* iiiid*nnrlh 
Ps^c OceoQ 

IMO, Apr. B.South Indiim Ocess, acraa Auslralia. InM tlic west Pacific 

Ocea& 

tool) Av^. 11,,,. South Atlantic OcesTW the Antarctic Ocean. AnlnrcUra 

1008. July 91.... Northern South Amenca, aorosa the AtJnntir Oitan, the 
SAhsrn, and coat Arrira. to MiMla^ntx ar 

IMS. Jan. 83 ..,. South Piicific vest of Clille, Acnsw ikutlliern ScMilh Anirrira, 
Into tliD Atlantic Antart'tlc Ocean a)ul to the Inclum Orenn 
Just Mat nf Msdomix'ar 

1003, Not. 88.... Norlhwnl Intlw tv tlic court near (*a]cul I a. aitikis \ he M ■ |)ty 
l^ninsuin, Bomen, nnd New tlulnea, into the nmhrukrlli 
Pru'ific Ocean 


9. TOTAL lUNAR IXXIl'SKS, 1048 to loOfi 


Date 

Time 

I>ur, 

UOffloa uf vwlrthty 

1040. 

h m 

h m 

(No total lunar lo 164H] 

North and South Aiuerlra 

1040, Apr. It ., 

89 It 

1 90 

1040. Oet. 3... 

tl 34 

1 10 

Generally. Id North and South Amorliiv 

1030. Apr. 8... 

13 44 

0 99 

A/rlcAi Burops. Aali. and AuetrnliA 

1036. S^t, 80. 

to 13 

0 44 

North and South America 

1038, las.to.. 

18 30 , 

1 it 

Africa, Europe, Asia, and Aunralia 

1030, laJy 80.. 

7 10 

1 44 1 

Chiefly io Australia, AMa, weatem and mid* 

Pacific Ocean 

1034, Ian. 18.. 

81 84 

0 88 

South America, enatern North America, wsatem 

Africa and Europe 

1030, Not. IB.. 

1 47 

1 It 

NorUi and Seulh America 

1037, May 18.. 

17 9« 

1 80 

Africa, Eur^, and partly In North and thtulh 

Acaerica and wattern Asia 

1037, Nov. 7... 

0 88 

6 St 

Aeia, Australia, western and mld>PaciAe (Iccao 

1000, Uar.lB.. 

8 90 

1 M 

North and South America 

1000. S^t. 3. . 

0 89 

1 80 

Mid*Pacific regions, and partly in North 

America 

1001,ADf,83.. 

to 8 

0 U 

North and South America, western Afrlcs and 

Europe 

1089, Dec, SO.. 

8 7 

1 t4 

Mid-Pacific, aod partly io North AsMrica 

I004.liuisB4., 

80 7 

1 98 

Africa, Europe, South America, eastero North 

America 

1004, Dec. 18.. 

81 93 

1 4 

South Acaerica and meet of North America, 
weetero Africa, aod Europe 

1003. 

.... 

. .. jl 

(No total lunar in 1963| 
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Glossary 


T1i€ list of defiiutions iocluded here is not intended to be 
» complete roster of Astronomies! terms, instrumeoU, and 
phenomena, but a readj reference list of words with which 
the reader may come into frequent contact. For reference 
to more detailed descriptions or words not contained here, 
consult the Index. 

sberrstioa in Isuei and alrrors. The faHiire of lifbt raji to meet at the 
place* where they aw expected by ample theory. In cknmatxc oiff- 
the lna«te formed by the differently eeleced coEoponeaU of 
light are not broufht to the Mine focue in one plane ead ere of unequal 
Bisea. In tfhmcal olerrdwH. the marfinal rays (even in monoehro- 
matie li<bt) are brou^t to a focus aeawr the lens or mirror than the 
central rays. There are also various otbar types of optics! aberration, 
such 41 astipaatiim, cooMt. etc. 

abenatiea of Ufht The ^>par«nt dUplaoemeat of aa oh}ect m the iky 
caused by the effect of earth's motioo oe the direction in which 
light seems to roach us. The effect is very small boeauM ol the tremen¬ 
dous velocity of light as compand to the ^eed of the earth, 
albedo. The ratio of the amount of light reffectod by tbs entire lighted 
Bide of an openue body to the amount of light falling on the body. 
When the moon's albedo is given as 0.07, it means that vir of the 
light falling on it is reflected. 

altitude. The angular dlstaoce of a given object above the horison, 
measured along the object's vertical drde from the borisoa toward 
the senith. 

aphelion. The point in the earth’e orhK farthest from the sun. 
apogee. The point in the moon's orhH farthest from the earth- 
apparent solar time. The time kept by the actual or apparent sun. or lb© 
hour-angle of the apparent sun. It is not uaifom throughout the y^. 
but is sometimes ahead of, and eomelimes behind, the mean ariar bmc. 
■ntrofiomical oait. The average or mean distance of the esrth from the 
sun. the value now need being »,(X »,000 statnU mflee. 
aznauth. The angular distance on the horiaoo, from the south point to 
the p<«l at which the object's vertical mrde intersects the horisoo, 
measured westward around the dwk from 0* to MO'. Kote, howeve^ 
that in navigation, it is the distance on the hewison between the north 
point and the foot of the v^lkal drde, measured eastward around 
the ri wi- throu^ MO*. 
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buiAjy. A 9yst«m of two sUrs under * graviUtioad bond ond revolving 
Around their common center of grovity. 
bolide. A bright meteor (fire^btU), eipecfally ooe that explodee near the 
end of iU path in the atmosphere. 

caloadal globe. A globe soroewbat aimUar to a terreetrlel globe but 
repreeonting the conatallationa on the background of aky» together 
with the priccipa] drclea of the celeaUal iphere. A celestial globe muiit 
neeeuarily represent the atan revened or aa if seen from outaide tha 
heavenly vault. 

celoitial latitude. The djatance of an object from the ecliptic In degrees, 
rainutea, and seconds aa measured along a great circle that paaaes 
through the ecliptic poles and the object, and therefore at right an^s 
to the ecliptie, If the object la toward tlie nortli ecliptic polv, it ja 
marked +: if toward tlie south, —. 

celestUU longitude. The diatance along the ecliptic ia degrees, minutes, 
and seconds from the vernal equinox to the point of intcmection with 
the ecliptic, of a great circle paasing through the object to be measured 
and the ecliptic poles. It is aieasurod from the equinox in the direetion 
of the sun's apparent motion, from 0* to 800*. 
celestial point. The two intersections of the earth *a axis prolonged, with 
the celestial sphere. 

celMtial tphsre. An Imaginary sphere of very large (infinite) radius 
which surrounds the observer, who is supposed to be at Its center, 

For many astronomies] purposes, celestial objects are considered aa if 
they were sill located on the surface of thia sphere, 
eolure, equiooctlB]. The great drde passing through tlie celestial poles 
and the equinoxes. The soWtHof eofure, similarly, ps^sos tlirough 
the pdea and the summer and winter solstices, 
conjunction. The situation or aspect wiiereby two objocis in the sky 
have tbo same right asceoboa or the same longitude, it being uoder* 
stood which one ii meant. In the case of Mercury or Venus, inforior 
eor^viutioA occurs when the planet ia betwoon us and the sun; superior * 

oon/uncfioA occurs wbea the plejiet is on the other side of the sun 
from us. * 

coordinate, caleatUl. One of two or more values which specify the poai* i 

lion of a point on the celestial sphere—such as altitude, declioation, I 

houi*aagle, etc. ^ 

decimation. The distance of an object north or south of the celestial r 

equator, measured in degrees, minutes, and seconds. If north, it is f 

indicated by the sign +; if south, by 
dlunuU circle. The circular path of a celestial object in Its apparent daily 
(diurnal) motion across the sky. Diurnal circles ai« all parallel to the 
celestial equator and to each other. 
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ecceotndCy. The ^free of flAtUoioi of »a eUipee. or its departure from 
a drde. Its value is obt^aed bj dividing the distance between the 
center of the ellipse and one focus by half the kn^ of the longest 
axis. 

eclipse. The darlcealog of a heavenly body by another. In a solar eclipse, 
the sun's light is out off because ot the ioterpoeition of the moon be> 
tween us and the sun. In a lunar edipee, darkening occurs as the tooon 
enters the earth’s shadow in space. The term seftpes is to be distin* 
guisbed from occulUtioe. 

oeliptie. The great drde made by the interaectJoB of the plane of tbe 
earth's orbit on the eelestial sphere. A lets proper definition: the ap* 
parent path of the sun around the sky during Oie year, 
elongation, graatest (an^Ued to an inferior planet). Tbe greatest distance 
from the sun, os either the east or west side, which the planet seems 
to reach between any two consecutive coojuaetioiu with the suo. 
epheneria. A table of computed pomlioos of a celeatial object for ceruio 
given datee. 

equAtioa of time. Ibe difference in minutes at the nsoment between tbe 
apparent eoUr time and the mean solar time. It is used in two senses: 
the spuahoR swon minui eppersnf, is the correction to be added 

slgebraieally to apparent idar time, to give me a n time. When it is 
marked +. the red sun ie slow over the meen sun; when merked —• 
the reel sun is/esf over the mean sun. The sfuotfon pf fists, apportM 
minus Mil. is tbe coftectioo to be added algebraiesUy to Dean time, 
to give apparent time. When marked the real sun is/as< over the 
mean sun; when marked tbe sun is slow over the mean sun. 
equator, celestial. The great orde of tbe eelestial iphere half-way be< 
tween tbe celestial poles, and W* from each. It is the projection of the 
plane of the temstkal equator onto the eelestial sphere. 

•quifiox. One of the pmnts of intmaction of the odiptie and the celestial 
equator. The wvnol egwnox is the point of 0* longitude and (Platitude, 
where the sun crosses the equator about Harch SI; and the euftmnol 
sgwnor is the point of ISO* longitude, where the sun crosses the equa¬ 
tor shout September 4». The w«d equinox also refers to the tint of the 
sun being at the equinox point. 

evening star. One rf the nakcd^ planets (not a star) so described 
when it sets after tbe sun. Here exactly, in the case of an inferior 
planet (Mercury or Venus), H is evening star between the times of 
superior and inferior conjunction wHh the sun. If a superior planet 
(Mars. Jupiter, or Saturn), H is evening star between opporition and 
ccnjunetioQ with the son. 

galaxy. A vast system oi stars in space, su^ as our Milky TVay, which 
is often called “the Galaxy” and contains a few biOions of stars. 
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gnAt cirel«. A circle on a spliere wLero tiie plane of the circle paaieR 
throu^i tile center of the sphere. The ecliptic, celestial etiuator, 
horison, and meridian (together with the antl-mendiaa) are great 
circles of the celeatial sphere. 

horizon. A great drde on the celestial sphere, half-way between the 
ssnhh and the nadir, and 90* from either. This is the astronomical or 
true horison, the viable horieon being the boundary Iwtwecn the shy 
and the viable landscape. 

bouT'angle. The angle formed at tlie celestial ptde between tlie eeh>stiol 
meridian and tlie hour*circlc of a given object in the sky. measured 
westward from the zneridiun. Also incaiurtni as <iiNtwnH‘ in arc along 
the celestial equator, from tlie meridian to tlio inlcrMcctiun of the 
ohjeet’s hour*clrcle. Ustially given in limira, tniniitca an<l Mc<*oii<iM, 
but may be written in arc, where 1 • 15* of arc. 
houf-eirde. A great circle )>aMlng tlirough both celcHtiol ]kiIvx and a 
gives object in the sky. Cvery star or other object in the heavens has 
Its own hour*circls. whlcli appears to move wiili it in ila diurnal mo* 
tion. The term Aour eirds applies also to the circle attached to the 
polar axis of a telescope. It is graduated is hours and minutos and 
indicates the point in heur*angle at which the telescope Is set. 
Interaatlonal data*line. A Axed, imaginary line in the Pacific Ocean, 
west of which the new day begins. It ooincldci throughout a large part 
of its extent with the l$0th meridian, 
interpolation. The mathematical process of finding intermediate values 
is a given series of values. 

Ionosphere. The sone of maximum ionisation of tlio earth's atmosphere, 
also known as the Keonally^HeavisIde layer. It Is far above tlic 
stratosphere and the osont level, and is at about 50 to 80 miles above 
the surface of the earth. 

Ubratlon. An oscillation by which a satellite or planet, which othorwiso 
would always turn precisely the same face to its primary, shows at 
times some of the usually hidden side. The moon and Mercury exhibit 
the pbeoomenOQ. 

light-year (a unit of distance, not of time). The distance that light travels 
in one year. At a speed of l$d,270 miles per second, the value is 
5.880 X 10" 5,680,000,000,000) miles, 

magnitude, stellai. The apparent brightness of a star. Magnitude does 
not refer to tAe apparent angular diameter or to the actual size of the 
star. 

meridian, celestial. The half of the great circle passing through the ob¬ 
server’s senith and the celestial poles that is above the borisoa. It is 
the projection on the celestial sphere of tbs plane of the observer’s 
terrestrial meridian. The onri-msrtdton is the invisible half of the ca me 

IS441 



* GL0S8ABT * 


{Tc&t circle which p**—* throu^ tbc obeeryer'i ri«dir and the celestial 
poles. 

p^rtraing Stax. One oC the naked^fe pUoeU (not a star) ao described 
when it rises before the sun. More exactly, in the case of aa ioferior 
planet, it la morning star between the times of inferior and superior 
conjunction with the sun. If a soperior planet, it is morning star be¬ 
tween conjunction and oppositim with the suo. 
nadir. TIm tfokuK on Um eelcsUid spitere to which a ]^umb4ine extended 
through the earth pouita. It is oppoeite tbe acaith and ISO* from it. 
node. The pmnt of biterwctivn of two great eirdes'-eommonly used to 
refer to tlio inteneettons (witJi the ediplk) of a great eirde <teter* 
miiie<l by the plane of an object's orbit, 
oblateneaa. Tlie flattening erf a spheroid, aueh $i* thu eartli. The value is 
deteraunerl by dividlag the difference between the er|uatorial and 
polar diaizietera by tbe equat49rial dUoieter. 
obliquity of the ecliptic. Tbe angle of indiaation between the celestial 
equator and the ediptie. It b equal to about U*t7'. 
occultatioB. The hiding of one object in the sky by another, etpecially 
when the moon passes in front of a star or a planet (but the term doei 
not apply to an ecUpee of the sun allhou^ thb u an occultation). 
The term also applies to the caee of a satelliu passing behind a planet, 
and thb b to be dbtlaguiahed from an eelipae. for in an eclipse the 
object is plunged into tbe rhedew ot tbe primary, 
oppoeidom Tbe situatioB or aspect In which an object is distant ISO* 
from another, usually tbe sun. (Thb difference may he either in loagi* 
tude or right ascerudoo, one or the ether lieing specifically meant.) 
The run. the earth, and the object, therefore, are in a straight bno. 
with the earth between. 

parallax. Hie an^e between the direction of two bodies, as seen froin 
two different points d view. 

perigee. The point Id the moon's «bit naarett to the earth, 
perihelion. The pmnt in the earth's orbit neataet tbe sun. 
period, Sidereal. Tbe taken for ana revoluticm of a body in space 
around another, with taspeet to the stan. The syRodw period is the 
interval between two suceesnve times when the two revolving bodies 
have the same belioceatrie longitude: for example, the time interval 
between two inferior eenjunctima of Mercury with the sun. or between 
two successive full moons. 

pertusbatioA. Deviation of an object fran an orldt that liaa been com¬ 
puted without into account all the factors iovolaed m deter* 

mining tbe object's motion. 

position sngle. The angle expresang the direction of one object from 
another (called the “prindpal ” one of tbe two) on the celestial sphere. 
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It Jb tb« ADgle formed at the priaeipel object betweec a Ibe drawn 
from it due north, and »Ibe drawn from it to the second object. It b 
alwayB measured from tbe lice drawn northward around to the line 
connecting tbe two objaeta b ac easterly, etc., direction and may 
range from 0* to 

preceasion of the equinozes. The vary alow westward motion of tlie 
equinoz points among tbe constellations, 
prime vertical. The great circle on the celestial sphere paasing tbrougli 
the cut and west cardinal points and the aenithi or the vertical circle 
at right angles to the meridian. 

proper motion. The angular rate of change ia a star’s position on the 
eelestisJ sphere. It is the measure of a star’s drift in space In a dirryv 
tlon perpendicular to the Une>of'Sight from tlie earth. The real drift 
In space is more or lew at an angle to the line'Of'Sight, the two com. 
ponents of this drift being the proper motion and the rodVol tilocUj/ or 
motion toward or from the earth. 

refraetioo. In general, a bending of light rays out of their otherwiso 
straight path. AfnespAsns refmfion ii tbe effect of tbe terrestrial at. 
moipbere. by which light rays are bent toward the earth’s surface, lo 
that a star seems to be displaced toward the observer’s senith. 
retrograde motloxL The ’’backward” or weetward apparent movement of 
a planet on the celestial sphere, with respect to tbe stsrs. Betrograde 
motion Lakee place during a comparatively short time in each synodic 
period of a planet. 

revolution. Tbe motion by which a body moves around another body, as 
tbe earth gobg around the sun. 

right tKeflalon. The distance of an object east of that half of tbe 
equboctlaJ colure which passes from pole to pole through the vernal 
equinox. It is measured along the star’s parallel of declination, always 
eastward completely around the cirde. Commonly expreased in hours, 
minutes, and lecoDdi, it may also be written as degrees, mbutei, and 
aeccndi (l^ • 15*). 

rotation. The motion of a body by which it turns on its axis, 
sidereal tine. Tbe hour.angle of tbe vernal equbox. Sidereal time is 
Deeaured by the earth’s roUtiea with respect to the stars (nearly), not 
the sun. Tbe aero hour la tbe moment when the vernal equinox la on 
tbe obs^er’s meridian. Sidereal time is counted up to i4^, and one 
day (24 ) of sidereal time is (of mean s^ time) shorter 

than a mean aolae day. 

aoUtice. One of the two places where the sun assumes its greatest decIU 
natiM, these points being half-way between tbe equboxes, Thesuramer 
soiriies is the p«nt on the ecliptic (at longitude M*) where tbe sun is at 
iU maximum northern declbatioa (+ the wtrtfef ioltlw is the 
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polat OB th« ovliplic (bI lon^tud* 970*) where tb« tun it «t its mnzi- 
coiin soutliem deeliiution word aolsticn is *!•» appl ied 

to the tine when the nm is at a solstice point. 
tpeetraJ Kaon. Lines (ToasiDg the spectrum nt a luBimous body and indi¬ 
cating iU pbyaica] and chemkal characterisUes. 
spectrum. An arrangemeot cd radiant energy in a series aecordiog to 
wave-UngtU» as when a beam o( light passes through a prism and U 
tl^it up into colon. When white light is thus analysed, the spectral 
colon are tlioae of the rainboar—red, orange, yellow, green, blue, 
indigo, and violeL 

termiAStor. Tlie »unrise or sunset line on tlM moon, 
tijDt, maan loUr, The hour*an(de of tlie *‘mean 8 ub‘* +19^. Mean solar 
time is kept by a uniform dock so designed that iU time c^ddes 
yearly with tlie solar time when tlic sun croases the veraal equinox. 
It lias tlie same numlier of daya. houra, etc,, in a year as the apparent 
time. A mean solar day is Iberefore of uniform duration; its length is 
the average of all the apparent solar days in the year; and is .KM 

(of sidereal time) longer tJian a sidetaal day. Maan solar time is the 
time kept by the ordinary decks used io dvil life; and lucli clocks are 
set to the mean lime of the standard-time meridian of the none la 
which they are stalioiied. When this is done, it is known as itandard 
lims^ and this time u aUka o^ar a particular smm ar^trarily fixed, 
and within which all docks running on standard time are eet to the 
same hour, minute, and secoad. Cml fme ie mean solar tinu; when 
mesa solar time marks the tine of an observer's local aieridiao, it is 
called foeof cmf rime (sometimea ambiguously called '*lo<eJ titna"), as 
contrasted witJi staodard time. ITniirraf riste is the technical derigna* 
tion of Greenwich d>nl Ume, or (oesJ mean time (dvQ time) of 0* loa* 
gitude running through Greenwich. England, It is abbreviated UT. 
transit. The paeelog of a heavenly body ever or la front of another, or 
acroes a line or drde. as the transit of an inferior planet across the 
sun’s disc, the transit of a Jovian satellite over Jupiter'i disc, or the 
transit of a itar across the meridian, 
twilight. An atmo^iherie phenomenoa caused by refiection of lunUght 
from the upper layers of tbe atmoephera, jEMiuAg ndrifAl takes place 
after the setting sun. and morning hriZighl or down, before sunrise, 
Evealag twilight is technically defined as the period of time between 
sunset and the tiase when the eon’s center is Ifi* bdow the horison; 
and morning twilight begins with the sua IS* below the horisoa, Tbe 
above terms refer to aj^enomienf rvili^AS. Cwif twitiffd is defined as 
ending (or beginning, as the eaee nsay be) when the nm is fi* below 
tbe horison. 
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T^rtical elicit. An uc of a great cire]e» extending from the senitb through 
aiiy given object on tlie celestial apliere to the horiaon iind at rigJit 
angles to tJic latter. 

xenJth. The point directly above the observer, to which a p]uinb>linc ex* 
tended upward, points. (Thla is the astronomical, not tlic geocentric 
seoith.) 
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Caprieomus, 81, 4£, 58 
Carina, 84, 88 
Cassini, 808 
Cassini diviuon, 74 
Cassiopeia, 16,18*£9, 30 
Castor, 83, 38, 41, 161, 16£ 

CsfMfiof Oftfsefs, 168, £00 
Centaurus, 8£, 88 

Cepheids, 175*177, 160, ££7, ££8 

Cepheus, £1, 80 

Ceres, 145-147, 154 

Cetus, 31, 86 

Chamaeleon, 86 

Cbandlcr, 178 

Cbi-h Persei, £1, 186, £01 

China. 806 
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ChrOBiMphcr«, 108,112 
CbfODomcters, 204 
Cirdaiu, $5, ^8 
CUciuBp<^Ar ft^n, tSefioitton of, 
14,14,17 

CUviui. 04. 00, 00. 01 
Cl«rke. Agnca, lOfl 
Quit«r& OO, 187-lM. 900 
cliwdAeAtiou of. 107 
galactic (oprn). 187-180 
globular, 180, 100 
observation luct of, 200-209 
“ Coal'Sack " nebula, 84,90, 104 
Coelun, 66 ,98 
Columba, 99 
Coluttbui, 299 
Coma Barasieet, 187 
CometJ, 01,110^190 
appearance of. Iti. 189,189 
cloaa appreaefaei of, 18 ? 
discovery of, 118,110 
frequency of, 117,110 
naming of, 190 

obeervation technique, 181 , 188 , 
187-180 

or^ti of, 181 

parU <d. 189-189 
periodi of, 110,180 
nie of, 189-189 
specUcular, 117,110,180 
taili of, 189, 189-187 
Compau, 869 

Constellation, typical, 16, 80, 49 
ConstellatioB figures, 88 
CoBStellatious, Dumber of, 10, 80, 
99,94 
origin of, 4 

Coordinates, celesUal, 89,87 
diagram of, 87 
Copernicus, Nicolas, 98 
Copernicus 94, 97, 00, 09 


Coe Hydrae. 99 
C6iM», 800 

Coneia, 89, 49, 108, 118, 119 
Cceooa Australis, 99, 99, 98 
Cervus. SO 
Coemie dust, 891 
Couder. 908 
Crab Nebula, 109, 808 
Crater. 90 
Crepe ring. 74 

Crux. 83. 90. 49-90, 96, 190, 104 
Cygttiu, 84, 199,1M 

D 

l>aBjcn. 908 

Dark nebulae. 90, 108-104, 166, 
880-891 

Date-line, 18, 890-894 
Day, apparent eolar, 894-899 
dvil. 897 

Dead*rackoiUAg, 890 
l>e Ch4aeaux’s Comet, 189 
Dedioation, 890, 891, 804 
parallels of, 80, 87 
Donation circle, 840 
Degrees, measurement by, 9 
DeimosTO 
DelpluAUs, 89 
DelU Cef^ 81,176,104 
Delta Cygni, 149 
Delta Herculis, 157 
Deneb, 84. 89, 99.49, 190 
Danebola, 99 
Denning W. F., 148 
Di Vko's Comet, 61, 190 
IKaaond ria^ 114 
IKoae, 75 

IHpper (see Oraa Urea 

Ifiaor) 

IrirecticQ, 855 
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DistARMs, meuiiremeDt of> 
Dooati's Comet, M3-1U 
Doppler effect, d26, iS0 
Dorado, 58 

Double flt&n (w Bloary atars) 
Dowd, Charles P., 

Draco, 18 
Dreyer, 

DiimbbcU Nobula, 25, 190,204 
Dust, cosmic (ss0 NebuUo, dark) 

£ 

Earth, 00 
rovolutioa of, 40 

rotatimi of, 4, 0, 7, 10,11 

alM of, 0 
•peed of, 76 
Becentricity, 148, 140 
Eclipses, 0, 500 
•oDular, 115 
lunar, 104-106 
solar, 8, 7», 88, 112-UO 
Ublo of, 857-840 
Ecliptic, 0, 00 
obliquity of, 27 

E^ypt, 800 

Elements, dUtributioo of, 225 
Eloogation, ffreateirt, 62, 05, 00 
Encko diviuoD, 74 
Encke’s Comet, 119 
Ephemeris, 242, 244 
Epsilon BoBtis, 100 , 102 
Epsilon Lyrae, 24, 161 
Epsilon Fegasi, 106 
Equation of time, NO 
Equator, celestial, 5, 9,10, 26, $4 
Equatorial coDStellatloos, 206-909 
Equinox, autumnal, 88 
vernal. 27, 28, 81 
Equmoxea, 9, 10, 27, 804 
pneessioa of, 8 L 85, 87. 252. 
267-249 


EratOKtlienes, 0 
40 Eri<lani, 104 
Eridanua, 55, 58 
Era«(, 270 
Esperanto, 23 
Estonia, 807 
Eta Cannae, 54 
“Evening SUr“, 01 

P 

Faculac, 110 
FuIm Crt>HH. 54, 55 

tif tftt Hifief. KU. mi 
Pilameiitary Nebula, 204 
l^reball, 152 
Fix, 201 

FlagsUff Obwrvatury, 77, 808, 
809 

Flash spectrum, 112,114 
Florence. 908 
Flower Observatory, 141 
Pomalliaut, 58, 48 
Fornax, 58, 55, 58 

C 

Galactic system, local smikt. 282 
(^es also Milky Way, galactic 
system oO 
Galaxies, super, 282 
Galileo, 00. 84 

Gamma Andrcmcdac, 80. 101 
Gamma Leonis, 88 
Gamma Leporis, 141 
Ganymede, 78 
Gegenechein, 220, 221,804 
Gemini, 96, 58, 77 
Geminids. 86 

Geographical position, 262-269, 
808 

Gifford, 95 
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Gigft. 900 
GnwUm. M 
Great Looped Kebiils. 51 
Greek alphabet. 205 
(ireeBwicK, 908 
GrootfoRtrio. 507 
Grujv 58. 59 
GuarHian!*, IB 

H 

Hull. A>«|>li. 70 
Halley N Conui. 110. HO. H7 
tluHiibonk Uu HrUUk Attronomi- 
rol AMoeiatinn, 110. 152. 3 U 
HanJiiir, M7 

Harvard CoUrife Obxen’atory. 182. 
SOB 

announcement card* of. 119. 

Its. 980 

Hcrculea. IB. 95. 48 
globular duaUr in. 187. ] 90,191. 
988 

Heriaca. 149^151. 895 
HerwUdi 00 

Heraebel. Wiiliam. 88, 50.75.1M. 
900. 807 

lIor(*cliclMolar prwm. Ill 
ilevelikiH. 84 

mvmdt-Allot. 90. IM. 819 
Hipparcliwc. 85. 87 
Hpba West. 807. 808 
Horologium. 58, 55, 58 
Hom^head Nebula. 198, 104 
Hour-aegle. 97, 984, 988, 98S 
formula for finding. 980 
Hour-drde, 90. 987 
Huygenian ocular. 993-996 
Hyadea 31, 187. 189 
Hydra, 38, 58 
Hydrus, 55, 58 


I 

lapetna. 75 

"iDdrx Catalogue*’. 198 
Indian star tore. 307 
Indus, 58, 50 
Iiwo l at k m. 7. 8 
Iiistruiivcrtta, 306 
Interfetvmrtcr. 156 

J 

Jaipur, 806 
Joliannridnirg, 308 
Juno, 147, 154 
JupiUr, 01 
atmoMpbere of, 71 
doud belt* of. 71. 79 
distance and aae of, 70. 71. 78 
*‘GrMt Red Spot*', 79 
pbotograpli of, 71 
retrograde motion of. 78 
reUlion of. 71 

latelliteK of, 83. 70. 79, 7$, 75 
‘‘South Tropkal I>i*turbance'*. 
79 

surface ot, 71, 75 
K 

iUlUwr ocular. 908'9O6 
King. E. S.. 961, 899 
Kirchhoff. Gustav Robert. 998 
ErUgrr, 60, 157. 158 

L 

laeeria, 21 

Lagooa Nebula. 164. 904 
lakasde, 88 
landfall. 956 
landmark, 958 
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L&titude, 6 ,803 
celestial, 27 

L^baits Mouat^ujii, B8 
Lembaag, 808 
Leo, 87, 88, 48, 38 
Leooid meteors, 188, 184 
Lepus, 88 
LeTemer, U- 78 
Libra, 89. 58 
Ught^year, 298 
Line ot position, 208 
Locptude, 11, 18 
and time, 244 
celestial, 27 

Lowell, PeKival, 08, 00. 77,808 
Lowell Observatory. 808 
ZuiuBm d TUmco^, 802 
Lupui, 88 
Lynx, 21 
Lyra, 24. 270 

M 

Machu Piccliu, 806 
MaffeUanic Clotid, black, 00 
Greater, 50. 51. 58, 100, 100, 
282 

Lesser, 50-52, 55. 190, 292 
Ma^oetic polos, of oartli, 212 
of sun. 120 

Magnitude, absolute, 227. 228 
ejcpiaoatioo of, 20, IT, 177 
Manual of CoUdial 
281, 822 

Mare Imbrium, 87, 90, 98 
Mars, 00, 01, 75, 508 
atmosphere of, 68, 69 

canals of, 08 , 60 
cedor of, 67 

distance and sise of. 08 
life on, 08, 09 
phases of, 68 


Mars, photograph of. 70 
polar caps. 07. Ofi 
retrograde motion of, 77. 78 
rotation of, 09 
satellites of, 70 
seasons on, 09 
surface of, 07, 68 
temperature of, 09 
Marseille. 506 
Mclljoumc. 806 
Mviuta, 58 

Mercury, OOH32, 75. 78 
atmoHpiierc of. 65 

l)riglitiU'i« of, 02 
drawing of. 08 
lilrration of, 04 
phases of. 05, 06 
rotation of, 69 
aise and distance of, 09 
rirfaee markiiign of. 60, 05 
temperature of, 64 
visibility of, 02 
Meridian, 20, 265 
Mosiier, 00.01 
Messier objects, 200. 528-85] 
Mewisr'a catalog. 200 
Meteor Crater, 95. 90. 127. 197 
Meteorites, 94, 90, 289, 867 
appearance of. 141-148 
eoBipeeitlon of, 241 
Meteors, 98, 96, 150-144 
Andromedos, 244 
atmospheric effect on, 95 
brilliance of, 182,158 
daylight, 146 
zmture of, 191 
number of, 181,192 
observation technique, 185, 150, 
188-141 
otteU of, 184 
origin of, 192,199 
Poas>^iDaecke, 144 
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MeteQr^, ndiuitj of. 1SS» IM, 139 
sUowtnoi. 1S3. J34 
Iktof, 144 
Tfturids. 144 
tnuu of, 140 
v^odtM of, 133,133 
Mexico, 305 
MicliigAo. 30$ 

MicruscfijxujD, 59 
HidniRht xtin, 13, Kl 
MiUa lloyol Ohjim’otor^. 30$ 
Milky Way. 30, 40, 100, 19^-1 M, 
229, 293 

galaCLic cyiitem of, 31,199. tVh 
2S$ 

Mira, $1 
U\tu. 101 
Monoccroa, S3 

IfoniAJy 8tg Moff, $14 

MoQUJDenta, 303 
Moon, 7^100, 305 
atJBoaphere. lack of, $3 
backlifhUni of, 30 
colon <A, $0, 93, 94. 90, 100 
craUNcbauui, 91 
era(er>|»U, 84, 91 
crater'finp of, 34, 91 
craterletv, 64, $9, 91 
cratcn, 39-91, 94. 95 
dcanty of, 97 
diameter of, 36 
distaaco of, 90, 97 
eclipMof, 194-100 
environmeat oo, 83. 64 
gravity od, 97 
harveet, 100 
hemijphsca cO, 37, B9 
bills of. 34 

buater'i, 108 
libratioa of, lOS 
light of, 97, 100 
lightiiig power of, 81 


Moon, map of, 99 

maria of, 84, 86, 94, 96 
meteoric theory, 94-93 
motions of, 80, 97, 199-103 
mountain ranges of, 34, 37, 6$ 
mountaia ridges of, 38 
mountain-ringed plains of, B4, 
90 

raountalo-waUed plains of, 84, 
89, 94 

oceultations by, 33, 106, 104, 

874 

oppostion of, 90 

orbit of. 9 

peaks of. 84 

phues of, 68. 79-61 

pbotograpbs of, 83, 89, 98, 103 

rays of, 84,87, 98, 93, 96 

nflecUve power of, 93, 97, 109 

refraction effects, 68 

retardation of, daily, 101 

rcTolution periods of. 190 

ridges of, 84 

rotation of, 108.108 

ruiaed ring'^aina 91 

sh^e, 103 

rise of, 97 

naO features cd, $4, 91. 98 
surface of, erigiii of. 38-96 
temperature on, 34 
terminator of, 81, 90 
tidal effect of. 81, 88 
valleys of, 98 
vokanic theory of, 94 
wsUed'i^in 4dmms, 01 
**MoniDg star”, 68 
Mount l ocke. 300 
UbultoQ, 90 
BiloiiDt Everest, 88 
Multiple stars (see Binary stars) 
Musca, 53,38 
Mythology, 81-23 


[$55] 






* NEW Handbook of tRB heavens * 


N 

NAtioDAl Bureau of SUadwdA $21 
NautietU Almaruu (London), 104, 
151 

Nautical mile, 209 
Navigation, iSS-VIO. 909 
Nebulae, 20, 18e>205, 909 
claaeiiieatioo of, 102 
cluaten of, 100, 200 
dark, 102-124, 100, 290, 291 
(lilfuM, 102, £90 
elliptical, 109, 107 
extra*galactic, 100 
galactic, 102-105 
irregular. 100,100 
obaervation Hat of, 200-205 
planetary, 104, 105, 290 
ipiral, 200-100, 2£8, 291, 292 
Neptune, 91, 75 
brigbtncM of, 70 
diicovery of, 79, 909 
dietanee and else of, 70 
motion of, 76 
retrograde motion of, 76 
aatdiite of, 79 
aurface appearance of, 79 
^/nsOtnsrttlCo^aicf^te, 128,200,260 
Norma, 55, 5$ 

North Star (eee Fotaria) 

Northern Cron (m Cygnua) 
Nortbera Lighte (m Aurorea) 
Norton, 144, 162 
Novae, 179-190 
nature of, 160 
obeervation technique, 179 

0 

Oak Ridge, Kan., 909 
Oaxaca, 905 

Observatories, FIagata(7, 77, 809, 
909 


Observatories. Flower, 141 
Harvard CoUege, 182, 30B 
Lowell, 909 
1 ^^ 0.809 
Royal, Berlin, 909 
U. & Naval, 151, 257, 908, 3(»l, 
912, 921 
Ycrlces, 900 

Oberwf'e TfondhooJf tht /ioi/iil 
AHremomiaoi Ht/eiaty tff Cum* 

ode, 814 

Ocemi enrrents, £59 
Ocrulutions, 69, 109, 104, 274 
Occaniu) Procellarum, 60, 87 
OctBiu, 54 
Olbers, 147 

Olivier, ChaHesP., 199,149, lu 
Omega Centauri, 59, lOU, 205 
Opliiueh\u, £5, 42 
Oppoailion, 80 
Orion, 29, 84, 46, 290 
Great Nebula of, 55,159,1U2.2<l£ 
Orthoecepie ocular, 209-290 
Owl Nebula. 109, 201 

1 > 

Pallaa. 147, 154 
Palomar Mountain, 809 
Paris, 806 
Pavo, 59, 59 
Pegasus, 20, 90, 49 
Peiping, 900 
Ferseid meteors, 185 
Perseus, 10, 21, 20, 80 
Peru, 805 

Pbasos, of Mats, 08 
of Mercury, 92., 95, 69 
of moon, 92, 79 
of Venus, 95, 96 
Pbobos, 70 
Pboeoix, 55, 56, 56 
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Phvto^pby. o«U«comkal, 971> 
iiZ 

with ii5tro<ftner«, 979 
dArkroom mggestiocui, 99^*993 
with fixed CAiMrA* 972, 275 
leases, choice o^. 2$l 
of lunstr eclipses, 27S, 279 
uf muoo. 277, 278 
piinKwws of, 271 
of sUr tnOH. 272, 278 
of 279 

with telewujie. 975-977, 281 
I'liotoapherc, 108, 110, 111 
mssu, U7 
motor. 53. 58 
hlotinfE, 258 
l’iJ0c^ 28-81, 58 
I’isejj AuitriouB. 48. 58, 58 
PUnct poths, 812-315 
PlAiMts, 80-78 
miiMr (m# Aiter^ds) 

Ubie of dots, 527 
riosdes. 81, 84. ]8r-188. 182 
Piuto, 88, 81. 75 
brlghtjitu of, 77 

discovery of, 77 

dlstsnec of, 77 
motion 7i, 77 
orbit of. 77 

retrogrede znotioo d, 7$ 
siae of. 77 
I'ointera. 18 

Pdsris. 5. 14,15.17.18.192,174. 
278 

Poles, ceUstisl 5,14, 15, 27 
oetiptic, 288 
Pollux. 83. 88, 41 
Polynefis&s, 255 

Pojndar Astronomy. 110. 152. 814 
Positioa enflc, 188,194 
Potsdsm. 809 
Prsesepe, 88.188.189. 208 


PrecesBM (ms Equinoxes) 

Prune vertied. 298 
Prian, 228. 224 
Proctor. 94 
Proe^xia, 85. 41 
ProuiBenccs. solsr. 112. 118 
Proximo CeatAuri, 52 
PlelcmAeus. 85. 90 
PulkowA, 808 
Pu]»|^ 58 
Pyids. 58 

R 

RAdio. 808 

RmHio dgnAli. 259. 817-821 
R Uonis. 184, 185 
RdAbowB, 214-218. 22$ 

RAiife finder. 280 
Rechen-Instjtut. 151 
Regulus, 87, 41. 45 
ReiuBVth. KatI, 150 
ReticiiluaD, 58 

R«t(«grAde motion. 78.77,78,151, 
154 

Reversing Uyer, 108. HI. Hi 
Rhen. 75 
RheiU VAOey. 92 
Rlio Psi i el , 21 
Rkdoli.84 
Rice, Hugh S., 150 
Rigel. 84. 41. 55, 185 
Right ASceoaoD, 27. 28, 288. 289. 
812 

Riog NebulA (Lym). 24, 195, 198. 
204 

Roiee. EArie of. 197 
BBLyTAe, 178 

s 

SDorAdus. 51 
SAgittA, 25 

SAgilUrius, 25, 81, 42. 58. 190. 
281. 282 
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Sagittarius. sJobuUr cluster ia, 204 
Sailors, US 

St. HtUire. 208 
Sateliitefi, of Jupiter, 63, 70 
of Mars, 70 
of Neptune, 76 
of Saturn, 75 
of Ur&nua, 76 
Saturn, 61, 808 
pbotofrapb of, 78 
retrograde motion of, 78 
rings of, 78-76 

rotation and revolution of, 79 

eaUHites of, 78 
sise of, 78 
surface of, 78 ' 

Schiaparelli, 68, 68, 808 
Sehroeter Valle;, 82 
Schurig'Gsta, 812 
Scor^ua, 80, 48, 48 
Sculptor, 88, 88 
Seasons, cause of, 7-10 
Sextans, 88 
SexUut, 287 
Shadow bands, 114, 116 
Sbapley, HarW. 190 
Siberia, 807 

Sidereal time (sea Time, sidereal) 
Sigoaa Octantis, 84 
Signals, radio, £89. 817-621 
Signposts. 288 
Sinus Irldum, 87 

Sirius. 17, 26. 84. 88. 41, 62, 189 
SibiT and Tslssoops, 814 
Sky, color of, 217 

(5m oUo Atmosphere) 

Solar system, 60. 61. £28,228 
Solstice, 9, 10. 804 
suoimer, 86 
winter, 42 
South polar pit, 84 
Southern Cross (sM Crux) 


Space, temperature of, 229 
Spectrograph, 100. 187 
Spectroscope, 114 
smalysis by. 224-227 
noture of, 22S 

SpectnuQ, dark lines of. £28, 224 
displacement of, £28, 226 

double, 226 

solar, 228 
Spiem 38, 39, 45 
Star AtUis, 144,162 
Star CluxterM (ser CluMterx) 

Star Krpitim, 10 
Stars, brightcHt of, 832-336 
distance of, 10 
motion of, 19 

motion and speeds of, ££8, £26 
naming of, 21 
navigation by, 868 
nearest, 229 
number visible, 16 
twinkling of, 218 
Stockhden, 808 
StonchoDge, 11, 804 
Straight Range, 87 
Struve, 808 

Stuker, 814 

Sumner, 204 
lines, 264 

Suo. 60,61,107-116, 180,224,228, 
228, 808 

apparent movement, 288, 236 
declination of, 8-U 
diatance and uia of, 107, lit 
Klipsos of (eas Edipaes) 
energy of, 107, 108 
mean, 236 
rice grains, lU 
speed of. 229 

spoUof, 108-111, £ 12 , 218 
surface of, 108-112 
temperature of, 107 
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Sun, u timekeeper. ii9 
SuB-di«]. 999. 909 
Sun*f4st And AUn-ilow. S41-<44 
Sub^poti. 10^111. 904 
SW Geminoruio, 181 
Sydney, 908 
Syrtis Majot, 70 

T 

TAuriM. 91,99,99 
Tobhut’x Comet, Iki-IM, 1<7 
TtUmps. TAa. 90S 
Triescope«, 09-909 
AlUAicnutb mound of o/, SM-S88 
Aperture, reduction d, 90S 
Atmoepliert, effect on, 801 
Averted vieon, um of. S08, SOO 
buiMulAra, S89 
dtAJunf of. S08 
dew^Ap for, i 08 
direeUens in. SOO, 900 
e^UAtorU] mounting of, 997-999 
Sdd^^AiAM. 889 
6eidi of viered, S09, m 
dnder»for, 809 
function d, 884 

BAgnIficAtloB, toet of, 984. 900 
UM of. 800, SOI 

BAgnltudee, foinUct, vieihle 
with, 80S. 919 

mirrors of, 884. S8d, S89, 900 
obj^edvee of, 880. 900. 907 
ocuIats of. 800. SOI, S09-S07 
lOO-incb. 908 
purchAse of, 889, S89 
reflector type, AdventAges cd, 
S84, 889. SOI 

refrActor type, AdvnntAges of, 
894, 899, 289 

res^ving power of, 991. 90S. 908 
seeing” coodidons with, 901, 
808 


TeJeseopes, SO-mch, 909 
800-inch, 900 
vertical seder, 800 
scnftb prUen for, 807 
TeteecDpiura, 98. 9ft 
Temple's Comet. 190 
TermiaAt^r, 81 
Tethys, 75 
TheopbiluA. OO 
TbetA Orionie. 15$ 

TU«a.8I. 62 

Time. ii 
advineed, 849 
and len^tude. 88$ 
apparent stdar, 888 
astrooomical, 897 
dvih S97 

eonmeioa of. S49 
dayiigbt saving, S4ft 
oquAtion of. 840-S44 
Grceowidi dvi] end mean, IS, 
88 $ 

local, dvi). and m^. 988, 849 
mean eoUr. 990-^0 
ddereal, 97,899, 969, 880.817-881 
agnsls, 8)0^81 
fUndard, 849-890 
summer, 84$ 
univeraal, 18. 890 
soac das^ IS, 846. Sfff 
TiUA. 78. 79 
Toronto, 900 
Toucan, 99, 98 
T^aimt. 894, 869 
Trapeduiii, 192 
Travel, 909-910 
transoceanic. 25$ 

TVienguium, 20-91 
Triangulum Australc. 99, 98 
Trifld Nebula, 48. 108, 804 
Triton, 76 

Tr^tic of Cancer, 49 
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Tio{dc of Capricorn. 10, 43 
Tucana. Sf, 59 
47 Tucanae, 190 
Tuttla’s Comet, 150 
Twilight, 210. SIT 
TTcho. 90, 95, 94 
Ty^o’j star (I57«), 179 

V 

U. S- Naval Obeervatory. 151,257, 
500, 509. 512, 9S1 
Univarae, outline of, SSO'SOtf 

affo Milky Way galactic 
ayytem) 

Uraoua, 56, 61, 75 
brightnaw of, 76 
diicovery of, 76, 505 
diitaneo and lise of. 76 
retrograde motioa of, 75 
aataUitoa of, 76 
aurfaco of, 76 

Urw Major, 16-19, 25,57, 50,159 
Utm Minor, 8, 16, 15 

V 


V«ga, 24, 85, 55. 45 
Vda. 54, 55, 5d 
Venua, 80, 61, 78, 117 
atmoapbere of, 66, 67 
brightness of, 64. 65 
occulUtion of, 274 
phaaes of, 65, 66, 805 
pliotogrtpli of, 67 
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